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Preface

Passage of the Coastal Zone Management Act of 1972 focused attention
on the Nation’s coastal land and water areas. As plans for more effective
management of the coastal zone evolved, it soon became apparent that
improved maps and charts of these areas were needed.

This handbook was prepared with the requirements of the entire coastal
community in mind, giving greatest attention to the needs of coastal zone
managers and planners at the State and local levels. Its principal objective
is to provide general information and guidance; it is neither a textbook
nor a technical manual, but rather a primer on coastal mapping.

This handbook should help planners and managers of coastal programs
to determine their mapping requirements, select the best maps and charts
for their particular needs, and to deal effectively with personnel who gather
data and prepare maps. The sections on *‘Sources of Assistance and Advice”
and “Product and Data Sources” should be especially useful to all involved
in mapping the coastal zone. Brief summaries of the mapping efforts of
several State coastal zone management programs are included.

“Future outlook” discusses anticipated progress and changes in mapping
procedures and techniques. Illustrations are inserted, where appropriate,
to illustrate the products and equipment discussed. Because of printing
restrictions, the colors in map illustrations may vary from those in the
original publication. The appendixes include substantial material which
also should be of interest. In addition a glossary and an index are included
to provide easy and quick access to the terms and concepts used in the text.

For those interested in more technical detail than is provided in this
handbook, the “Selected references” will be useful. Also, the publications
of the professional societies listed in appendix 4 will provide technical
information in detail.
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The coastal zone consists of open water, salt
marshes, mudflats, twisting tidal channels, intra-
coastal waterways, islands, bays, natural and man-
made levees, mosquito ditches, oceanfront and intra-
coastal developments, and estuaries. The coastal wet-
lands are generally composed of coastal vegetation
and are under the influence, if not the daily flood,
of the tide. They are the transition zone between the
uplands and the sea and are influenced by both. The
coastal wetlands are classified according to State and
Federal definitions and interpretations.

DELIMITING THE COASTAL ZONE

The Coastal Zone Management Act of 1972, as
amended (see app. 5), defines the coastal zone as:

. . . the coastal waters (including the lands therein and
thereunder) and the adjacent shorelands (including the
waters therein and thereunder), strongly influenced by
each other and in proximity to the shorelines of the
several coastal states, and includes transitional and in-
tertidal areas, salt marshes, wetlands, and beaches. The
zone extends, in Great Lakes waters, to the international
boundary between the United States and Canada and, in
other areas, seaward to the outer limit of the United
States territorial sea. The zone extends inland from the
shorelines only to the extent necessary to control shore-
lands, the uses of which have a direct and significant
impact on the coastal waters. Excluded from the coastal
zone are lands the use of which is by law subject solely
to the diseretion of or which is held in trust by the
Federal Government, its officers, or agents.

The complex part of this definition lies in the sen-
tence, “The zone extends inland from the shorelines
only to the extent necessary to control shorelands,
the uses of which have a direct and significant im-
pact on the coastal waters.” Selecting boundary lines
based on this definition is not an easy task. The
definition implies an inland boundary of the coastal
zone which is basically delineated along natural
features, especially rivers, streams, marshes, and
their watersheds. When establishing boundaries
along natural features, the interrelations of those
features and their relations to the coastal resource

system should be explored because of the dynamic
nature of the features.

Tides sometimes cover the wetlands and may be
of different phase and amplitude than the tide on
open beach only a few kilometers away. Tidal rivers,
streams, and freshwater surface runoff mix with
the ocean water to form a brackish zone of changing
salinity with a relatively few species of vegetation.
The freshwater flow causes a hydrodynamic stage
related more to the hydrologic cycle than to the
lunar cycle. Marsh grasses a meter tall preclude
photogrammetric measurement of the ground sur-
face where elevation differences of a few cen-
timeters are critical. It is not unusual for grass tops
on the levees to be level with grass tops on lower
ground behind the levee, giving the appearance of a
continuous level surface. Tidal flow may reach an
area by a long circuitous path through channels and
breaks in natural levees.

A number of studies have attempted to relate
mean high water lines to vegetative boundaries. The
change between high vigor spartina alterniflora
(resulting from a daily flooding by saline water)
and a lower vigor form (resulting from occasional
flooding) probably indicates a biological mean high
water line. A similar effect has been noted between
red and black mangrove. This close relationship is
probably correct in many areas, but it is deficient
in two operational criteria. First, establishing
cadastral boundaries by engineering tidal surveys is
an accepted legal procedure, and a biological survey
may be supportive but not sufficient evidence in
court. Second, the wetlands as defined by the growth
of several species of vegetation often extend above
the mean high water line. The regulation of wet-
lands is an exercise in the Government’s authority
to zone land and control use regardless of owner-
ship. Therefore, the time, expense, and difficult
ground surveying required to relate a vegetation
boundary to a tidal datum may be unwarranted.
If the only purpose of the mapping is to delineate
the wetlands for regulatory action, then vegetative
boundaries are appropriate. A cadastral survey re-

1



2 COASTAL MAPPING HANDBOOK

quires a tidal datum and is more costly; however,
it provides legal boundaries.

The species composition of a coastal marsh re-
flects the salinity, soil characteristics, frequency of
inundation, and elevation. Saline marshes contain
Spartina alterniflora in three growth forms—the
largest up to 3 m tall. Other species are found where
the elevation is higher or the tidal inundation less
frequent. The different species can usually be clearly
identified on color infrared film.

The upper wetland boundary is often sharply de-
fined by an abrupt change in topography. The marsh
may extend as much as 10 m under the canopy of
large trees in the border zone. Where a broad and
gradual transition occurs with a mixture of plant
gpecies present, the upper wetland boundary is more
difficult to define. With a knowledge of the plant
species, the morphology of the land, the tidal cycle,
and applicable laws, one can usually position the
upper wetland boundary within 3-5 m horizontally
during field inspection. The task is easier and equally
accurate when the boundary is delineated from color
infrared aerial photographs offering a much larger
view. For 5-10 percent of the area, the task is more
difficult than normal, whichever method is used. The
transition in these areas may be very gradual and
indistinet and require more judgment, careful sur-
veys, and intelligent legislation. Litigation may be
necessary because there is no one technique for pro-
viding unequivocal solutions to wetland boundary
problems.

In practice, some coastal States may define the
landward boundaries of their coastal zone along
other than purely natural features. For example, a
State may determine that the most feasible boundary
might be based on a line, such as a 10-ft vertical
distance above mean high water, that may roughly
approximate a flood-plain level. The line would then
be modified to correspond to the nearest township
line or paved road. This modification would greatly
simplify the administration of such a coastal zone
boundary. Another approach might be to draw
boundaries at a fixed horizontal distance inland
from the MHW line.

For the purpose of planning topographic map-
ping in the coastal zone, the U.S. Geological Survey
defines the inland edge of the zone as the landward
boundaries of the coastal counties, townships, or
parishes within the States and Territories eligible
for grants under the CZMA. Alaska’s coastal area
is defined separately as the first two 15-min
quadrangles inland from the shore, because the
State is not organized by counties.

Other approaches to delimiting the coastal zone
beyond those specified in the CZMA might include
a concept of the seaward limit as the edge of the
continental shelf rather than the outer limits of
the territorial seas. This might be a more logical
way to define the coastal zone if natural considera-
tions and features are most important.

The coastal zone might also include those areas
where the water influences the land, the reverse
of the concept cited in the CZMA. It might be
easier to delineate the extent of the water’s influ-
ence on the land, for example, by using the 100-
yr flood plain for the boundaries of coastal wetlands
such as marshes and bogs. Numerous other schemes
could be devised to define the coastal zone, each
with its own advantages and disadvantages. How-
ever, in this handbook the CZMA definition is
used.

COASTAL MAPS AND CHARTS

A map is a pictorial or graphical representation
of a portion of the Earth’s surface. In general, a
coastal chart is a map that shows water depths,
coastlines, and land features in a narrow band
along the coast. Charts are generally used for
navigation, but they have many other uses,

Maps and charts may be classified as either
metric or nonmetric in quality. Most road maps,
pictorial maps, and many atlas maps are for gen-
eral information only and are not of metric quality,
that is, they cannot be relied upon to provide acecu-
rate measurements. Only metric quality maps are
considered in the handbook.

A metric quality map usually contains a grati-
cule of meridians and parallels and a plane rectangu-
lar coordinate system to define specific locations,
and it portrays the various map features in pre-
cise relation to each other and to the graticule or
grid (except in cases of deliberate misplacement
of symbols to avoid overcrowding). Distances and
directions between features can be measured pre-
cisely, either on a single map sheet or between
adjoining sheets on the same reference system and
datum. A particular feature will have the same
geographic pogition on other maps of the same
area regardless of scale.

Map scale is the ratio between a unit distance
(for example, 1 in or 1 cm) on the map and the
corresponding distance on the ground. The scale of
1:24,000 means that 1 unit on the map represents
24,000 of the same units on the ground. Thus, 1
cm on the map represents 24,000 em (240 m) on
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the ground. This rule applies to all units of linear
measurement.

The larger the denominator of the scale ratio,
the smaller the map scale; for example, a 1:10,000-
scale map has a larger scale than a 1:24,000-scale
map. A large-scale map usually portrays a smaller
area than a small-scale map, and the detail is
greater. The scale is generally given in the legend
or margin of the map.

PLANNING USES

The CZMA of 1972 provides a new mechanism
for planning and managing activities in the coastal
zone, Coastal planners at the Federal, State, and
local levels will need maps of the coastal zone
covering their areas of interest. A set of maps for
the entire coastal zone of the United States (in-
cluding the Great Lakes) and Territories is funda-
mental for an overview perspective. Federal and
State planners will need maps at scales ranging
from 1:10,000 to 1:250,000. Local government
coastal zone planners also will need planning maps
to relate their activities to others in the State. Such
maps may be at scale ranging from of 1:2,400 to
1:24,000.

Effective planning can be simplified considerably
if the data and results of resource inventories of
the coastal zone are displayed graphically on the
planning maps. These inventories can include na-
tural resources such as woodlands, estuarine areas,
freshwater marshes, beaches, wildlife, geologic
features, and marine life and minerals. Also, plan-
ning maps can include statistical distributions, resi-
dential housing, commercial and industrial facili-
ties, transportation routes, flood plains, cultural
features, archeological sites, esthetic resources, and
parks and other recreation areas. Furthermore,
these maps can depict land and water use classifi-
cations and such phenomena as estuarine circula-
tion patterns and predominant coastal currents.

The different types of information needed for
planning can be shown on maps in a variety of
ways. Sometimes the information is printed as a
part of the base map, sometimes as an overprint on
the base map, and sometimes as overlays keyed
to the base map. The method used often depends
upon the availability of existing maps, the variety
and quantity of information to be displayed, the
time allotted to display the information in carto-
graphic form, and budget constraints.

The sections on “Sources of assistance and ad-
vice” and “Product and data sources” are included

to assist coastal planners to develop effective coastal
mapping programs tailored to their needs.

MANAGEMENT USES

Maps for coastal management generally would
be of larger scale than general planning maps.
Whereas the small-scale maps suitable for plan-
ning are frequently available from Federal agencies,
the basic responsibility for producing large-scale
maps for management of the coastal zone rests with
the users—State and local governments, State coast-
al maps might range in scale from 1:2,400 to
1:24,000, depending on the geographic area of con-
cern, the intensity of its development, and the
length of the coastline to be mapped. Local govern-
ments may need maps of even larger scale for more
detailed regulation and management of their coast-
al zone; perhaps in the range of 1:600 to 1:10,000.
Large-scale maps for the entire coastline would be
quite expensive. They should be made first for
areas where immediate concentrated management is
necessary, while somewhat smaller scale maps would
suffice for areas needing less rigorous management.
As the coastal management program evolves, larger
scale management maps could be produced to cover
the gaps. Management maps would be useful for
monitoring, inventory, analysis, documentation, reg-
ulation, and enforcement. However, detailed maps
can sometimes be a lability for management if
they are misleading or if they do not define the
precise location of the area being regulated. Maps
are useful for indicating key natural areas or regu-
latory boundaries, but maps used as management
or regulatory tools must be at an appropriately
large scale, meet National Map Accuracy Standards
(app. 6), and be up-to-date.

Large-scale maps, on which boundaries and other
information can be delineated accurately, will also
be needed in legal proceedings resulting from regu-
lating land and water use. Maps submitted as evi-
dence in court are subject to critical review. The
need for accuracy and up-to-date information can-
not be overemphasized. Old photographs are often
compared with newer photographs of the same geo-
graphic area (sometimes in the form of orthophoto-
maps) to demonstrate how change has occurred.
Obviously, adequate documentation of when and
under what conditions the photographs were taken
is vital. Accurate large-scale maps can also be used
in court to indicate the proximity of proposed con-
struction projects to valuable natural, esthetic,
recreational, or economic resources that may be
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affected by the proposed project. In these cases maps
are best used in conjunction with such evidence as
expert testimony, actual site visits, and other
historical records and photographs.

Maps used in a group presentation must be large
enough to be seen easily. Attempting to communi-
cate a concept with an overly complex map can be
counterproductive, especially if highly detailed keys
are used. Managers may want to use a simplified
version of the map or perhaps a sketeh of the key
information. Transparencies, slides, and overhead
projectors are often effective in enlarging a portion
of a map so the audience is not distracted by ir-
relevant information. In addition, the use of suec-
cessive overlays on a base map can be most effec-
tive for some types of presentation. A planner or
manager attempting to communicate with a di-
verse audience should use maps that are simple,
clear, and to the point. Complex maps tend to con-
fuse and overwhelm the general public. Obviously,
those with specific interests such as coastal develop-
ers, local government officials, and members of
public or private interest groups will be concerned
with selected aspects of the coastal area and con-
sequently with maps dealing with those aspects.
In essence, considerable thought should be given
to the type, format, content, scale, accuracy, and
frequency of revision of the maps included in State
or local planning and management programs.

It is important to note that coastal areas are
dynamic biologically, geologically, demographically,
and legally, and therefore, maps depicting coastal
information have to be updated frequently. Using
overlays on a good base map makes updating easier.
(See the section “Overprints and overlays.”)

Recent dramatic advances in remote-sensing
technology have provided methods for revising maps
of dynamic coastal areas. A variety of options exist
with a wide cost range.

In the past, charts of water areas were used
basically for navigation. However, as coastal pro-
grams evolve water and land use management will
inerease significantly, and new maps and charts
will be needed.

MAPPING THE COASTAL WETLANDS
A review of present and proposed coastal wet-
land regulations of several States reveals that:

e There is a requirement to provide an accurate
cartographic base on which upper wetland

boundaries and other coastal features can be
accurately plotted.

e It is desirable to give map users an orthophoto-
base showing more information about features
that are not specifically delineated or that are
necessarily generalized on the conventional
map. .

o Vegetative boundaries can be identified and de-
lineated on color infrared film and transferred
to the orthophoto.

e Selected areas of the coastal zone require map
scales larger than 1:24,000.

¢ There are no universal conversion factors for
relating tide, vegetation, contours, and cadas-
tral boundaries.

In many areas, available USGS 1:24,000-scale
topographic maps could be used as cartographic
bases. The upper wetland boundary eould be inter-
preted from recent color infrared photographs ac-
cording to the applicable regulations and compiled
on the map. This procedure would serve as a
practical inventory at minimum cost and would
satisfy general zoning regulations. It would provide
a zone boundary between marsh and upland with
a horizontal accuracy of about 12 m (40 ft),
which is within the National Map Accuracy
Standards. However, the increasingly popular ortho-
photo cartographic products have proved invaluable
for mapping swamps, marshes, and other regions
of overwhelming detail usually lost in conventional
map symbolization. Compared with line-map por-
trayal, the orthophoto of a coastal marsh provides
more information on the many features associated
with identifying the boundary between upland and
marsh, Besides matching the accuracy of conven-
tional maps, the orthophotos show the actual pat-
tern of vegetation and woodland, all visible roads
and trails, the intricate meanderings of waterways,
and other detail useful for determining position.
Information on current land use can be derived
from tonal differences in the photograph.

The Geological Survey has recently prepared
several experimental color-image maps using two
synchronized cartographic cameras in a single air-
craft. One camera contains black-and-white pan-
chromatic film and the other black-and-white infra-
red film. The two sets of photographs are processed
into orthophotos at the correct scale. During print-
ing, the two images are in perfect register. Through
the use of various inks, several different color
renditions are possible. These simulated color in-
frared composites represent a new dimension in the
interpretation and delineation of coastal wetlands.
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Vegetative boundaries can be compiled directly on
the orthographic color image base, thus eliminating
transfer of the wetland delineations from the color
infrared photographs to an orthophoto image base.

SELECTING MAPS AND CHARTS

The choice of a working map or chart for use
in a coastal management program depends on pro-
gram considerations, such as the type of program
and the purpose for which the map or chart will be
used, and on map considerations, such as scale, con-
tent, and accuracy.

Generally, small-scale products (1:250,000 and
smaller) cover a large area and provide adequate
information of accuracy suitable for general plan-
ning. A single map should be used for an entire
management area if possible. However, it is better
to use several sheets at a larger scale if the area is
so large that the scale required to fit onto one sheet
of paper is too small to provide the desired content
and accuracy. Specific management activities re-
quiring greater accuracy and detail, such as boun-
dary delineation and enforcement, require maps and
charts at medium (1:100,000 to 1:50,000 scale) and
large (1:24,000 and larger) scales.

Planimetric maps showing the position of major
features (culture, transportation systems, wetlands,
vegetation, and sometimes historical sites) are fre-
quently adequate for planning land and water re-
sources in the coastal zone. Although they do not
show continuous relief data, planimetric maps usu-
ally indicate the position of major physiographie
features.

Topographic maps offer much general informa-
tion for land areas, although it is not all inclusive.
Supplemental data from thematic maps covering
such fields as geology, land use, land ownership,
utilities, and population distribution are also needed
by coastal managers.

Topographiec and bathymetric maps at medium or
large scale can be used to determine erosion and
sedimentation locations. Although they do not direc-
tly represent erosion and sedimentation, they do
depict relief and provide insight into land-mass
denudation within the coastal zone. The topographic-
bathymetric series being produced jointly by the
U.S. Geological Survey (USGS) and the National
Ocean Survey (NOS) is a good product for this
purpose. These maps will be published at standard
scales of 1:250,000, 1:100,000, and 1:24,000, with
some at 1:10,000.

The greatest single source of data for water areas

is the nautical chart and its related products. Nauti-
cal charts may be subdivided according to type, all
containing virtually the same information but dif-
fering in scale and intended use. There are a number
of special-purpose maps, charts, and diagrams deal-
ing with water areas.

Bathymetric maps, produced by NOS at various
scales and with varying content, are useful water-
related products. Some bathymetric maps show
magnetic and gravity data in addition to water
depths; most cover extensive offshore areas and
are helpful in planning offshore resource develop-
ment.

More detailed information concerning water depths
in a relatively small area may be found on copies
of the smooth sheet—an intermediate NOS carto-
graphic product on which all surveyed water depths
are numerically plotted. A smooth sheet is a by-
product of the chartmaking process and is not
normally published ; however, copies can be obtained
on request.

Topographic sheets (T-sheets)—alsc byproducts
of the NOS chartmaking process—show detailed
information about a narrow strip of land and water
alongshore. Topographic sheets dating back to the
early 19th century are available. A chronological
sequence of revised sheets provides useful informa-
tion about shoreline and near-shore feature changes.

Aerial photographs and photographic products
are used by coastal planners and managers because
they show much more detail than conventional

line maps. For example, orthophotomaps can be

used to study vegetation and to determine the extent
of wetlands. Spacecraft imagery can be used in wet-
land delineation and shallow-seas mapping. (See
app. 7, fig. 1 for an example of space imagery that
can be used in coastal planning and management.)

USGS and NOS can provide technical assistance
for management projects requiring maps and charts
at scales larger than 1:10,000 (normally not avail-
able from the Federal Government). Contact:

Chief, Office of Research and Technical
Standards, Topographic Division

U.S. Geological Survey

MS 519 National Center

Reston, Virginia 22092

Telephone: 703-860-6291

or:

Chief, Coastal Mapping Division

National Ocean Survey

National Oceanic and Atmospheric
Administration
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6001 Executive Boulevard
Rockville, Maryland 20852
Telephone: 301-443-8744

There are a number of private mapping companies
that produce aerial photographs and large-scale
maps (see app. 4).

Help in selecting suitable maps, charts, and re-
lated data for coastal management may be obtained
from the Coastal Mapping Division (NOS) or
from:

User Services Section

National Cartographic Information Center
U.S. Geological Survey

MS 507 National Center

Reston, Virginia 22092

Telephone: 703-860-6045

The section “Sources of assistance and advice”
gives a detailed description of Federal mapping and
charting programs and sources of described prod-
ucts.

SPECIAL PROBLEMS

Coastal managers should recognize that while
private contractors routinely make topographic and
planimetric maps of land areas, few make bathy-
metric maps. Therefore, care must be taken in
choosing a contractor for maps displaying shore-
line detail and water depth. Coastal managers can
direct questions to Federal agencies that make
bathymetrie products (see the section, ‘“Product
and data sources”).

Some significant problems encountered in mapping
the coastal zone concern (1) tidal datums, (2)
rapid changes in shoreline and alongshore features,
(8) coastal boundaries, and (4) data acquisition
procedures.

TIDAL DATUMS

Tidal datums, base elevations defined by certain
tide phases, are critical in the part of the coastal
zone affected by tidal fluctuations. They provide the
bases for establishing coastal boundaries, limits of
the territorial sea and the contiguous zone, water
depths and critical shorelines on maps and charts,
and the limits of various regulatory activities and
responsibilities affecting coastal management.
Knowledge of the tides and tidal datums is es-
sential for promoting and regulating safe naviga-
tion in a national water transportation system and

for numerous engineering and scientific activities.

Lake levels in the Great Lakes area occupy a
position comparable to that of tidal datums along
the ocean coasts. Fluctuations of water levels in the
Great Lakes result chiefly from meteorological
forces; the magnitude of astronomic tides is great-
ly reduced. A lake-level datum is established from
information acquired by methods and equipment
similar to those used for ocean-tide observations,
but the resulting data are processed differently
because of the lack of lunisolar effect.

SHORELINE CHANGES

Changes in the shoreline occur frequently, and
often quickly, as a result of actions of both natural
and man-induced forces. Alongshore features are
subject to rapid change, principally through the
activities of man and most significantly in areas
having the greatest development and congestion.
Such changes soon make maps and charts obsolete
and increase the workload required to conduct ef-
fective coastal management programs.

BOUNDARIES

Boundaries in the coastal zone range from the
limits of private property to the international
boundary. All of them are affected to some degree
by tidal datums along the coast and along island
shorelines. Corresponding boundaries in the Great
Lakes area are fixed either by treaty or by acts of
Congress, or are controlled by a lake level. Of all
these boundaries, those between private and sover-
eign lands cause the greatest problems. Recent
maps (prepared by modern techniques) and related
data, such as aerial photographs and tidal informa-
tion, are of great help in resolving boundary
problems,

The recognized offshore boundary between Fed-
eral and most State areas is the 3-nmi (5.5 km)
limit. Florida and Texas use a 9-nmi (16.6 km)
limit. Distances are measured seaward from the
mean low water line (Atlantic and Gulf Coasts) or
the mean lower low water line (Pacific Coast) as
shown on the large-scale coast charts of NOS.

DATA ACQUISITION PROCEDURES

Because tidal datums are usually needed before
aerial photographs can be taken for shoreline map-
ping, a long lead time is required for observations
and data reduction. Analysis and integration of
tidal data over an extended area can become very
complicated.
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Procurement of acceptable aerial photographs for
coastal mapping can present a number of problems
that can be minimized through proper planning and
patience. Tide-coordinated photographs must be
taken at the time the desired tide stage occurs.
Clouds and haze must be minimal, especially for
color photography. Loss of imagery because of
sunspots (reflection of the Sun from the water’s
surface directly into the camera lens) can be mini-
mized or eliminated by proper flight direction, end-
lap, and time frame.

STATE COASTAL MAPPING PROGRAMS

California, Delaware, Florida, New Jersey, and
Texas are some of the States that currently oper-
ate coastal mapping programs. For detailed informa-
tion write to the State coastal zone managers
listed in appendix 3.

CALIFORNIA

Various State agencies are engaged in projects
for which accurate coastal maps would be useful.
In 1967, under the California Comprehensive Ocean
Area Plan (COAP), the first methodical aerial map-
ping of the California coastline was completed.
Land use maps were compiled on USGS 7.5-min
base maps. Both land use site-characteristics in-
ventory maps and ownership inventory maps were
printed at the scale of 1:31,680. For further infor-
mation, or to order maps, write to:

California Coastal Zone Conservation Commission
1540 Market Street, 2nd Floor
San Francisco, California 94102

As part of COAP, the Department of Parks and
Recreation did a mapping study entitled “The
California Coastal Preservation and Recreation
Plan.” The Department does individual mapping
studies of priority areas but has no continuing
coastal mapping program.

The California Coastal Zone Conservation Com-
mission presented its Coastal Plan to the State
Legislature in 1975. Its coastal resources maps
show the distribution of resources as described in
the plan and identify problems concerning the
coastal zone. Regional commissions within the State
are expected to prepare more detailed maps at
larger scales.

California coastal resources have been classified
as follows: (1) Special marine environment, (2)
wetland or estuary, (8) special land habitat, (4)
other land habitat or open space area, (5) grazing,

(6) cultivated agricultural lands and class I and II
soils, (7) forestry resource area, (8) mineral ex-
traction area, (9) developed area, and (10) exist-
ing recreation area.

During the past few years, the State has been
involved in litigation to determine ownership
boundaries in San Francisco Bay. In addition to
making limited ground and aerial surveys, the
State has contracted with NOS for historical in-
formation about tidal datums in that area. Although
the project was undertaken because of contested
ownership, the results of the mapping and tidal-
datum studies will be useful as a more compre-
hensive program is established.

Because of increasing statewide interest and
problems associated with the coastal zone, the need
for a comprehensive program has become apparent.
Coastal mapping needs have been identified in regu-
latory, ownership, development, and environmental
fields. Mapping scales needed for such diversified in-
terests would vary, and to date no technical speci-
fications have been adopted.

DELAWARE

The Delaware coastal zone program includes
three mapping efforts: Land use maps, a wetland
atlas, and coastal-flooding maps. Land-use/natural-
cover maps are being prepared for the entire State
based on interpretation of infrared satellite and air-
craft photographs, USGS aerial photographs, and
other data. The wetlands atlas is based on inter-
pretations of productivity, flood prevention, habitat,
and water quality, and it includes data on signifi-
cant marine species. The coastal-flooding maps
(more detailed than the HUD flood-insurance maps)
indicate areas subject to flood damage, the frequen-
¢y and extent of damage, and other conditions for
proper coastal development.

Standard scales used (in order of decreasing use)
are 1:24,000, 1:9,600, 1:4,800, 1:63,360, 1:126,720,
1:253,440, and 1:2,400. The 1:24,000-scale maps in
both aerial-mosaic and planimetric form are the
base maps for Delaware’s coastal zone program.
They are used for the land use maps, to plot permit
and development activities, and as graphics related
to such studies as wetlands, coastal erosion, geolo-
gy, and hydrology.

The State and all three county governments
established the 1:9,600 scale as the standard for
most planning and management purposes. That
scale, on aerial-mosaic and planimetric bases, has
been used since 1964. The maps were prepared by
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a private contractor for the various governments as
part of a joint venture and are routinely updated.

Maps of the USGS 1:24,000-scale 7.5-min quad-
rangle series have also been used as a planning base
in Delaware, and were supplemented with 1973
aerial mosaics at quadrangle scale, although no new
quadrangle maps were prepared. Other base ma-
terials are from the State Division of Highways and
from respective county tax-assessment/property-
ownership mapping programs completed in the
past few years for most of the State.

The three county mapping efforts are being parti-
ally completed by contractors. Private consultants
and the University of Delaware prepare draft
copies. Final graphics, including maps, are prepared
by the Delaware State Planning Office to assure
consistency in format, scale, notation, and ma-
terial.

Major problems encountered to date include base-
map obsolescense and inconsistencies in scales and
formats of source materials. These problems are
being overcome by centralizing the final mapping
and through acquisition of a set of USGS aerial
photographs that are being used to generate base
maps. An unsolved problem relates to obtaining ac-
curate topographic maps with either a 2- or b-it
(0.6- or 1.5-m) contour interval. This problem
will not be solved by the current coastal zone man-
agement program because of the cost and time re-
quired.

FLORIDA

Florida’s coastal zone program has had two pri-
mary objectives: (1) To provide a comprehensive
data base (modified land use levels II and IIT of
Anderson and others, 1976) to support activities of
the Bureau of Coastal Zone Planning, and (2) to
provide county/regional site analysis for selected
work elements to support local requirements.

“Coastal Zone Management in Florida—1971" is
a report on the pilot project used to design the
format and methods for developing Florida’s
coastal-zone management program. The report con-
sists of text, thematic maps, and a matrix display
for each zoning category showing defined criteria
and established and recommended State policy. The
counties selected for the study were Escambia and
Santa Rosa (collectively referred to as Escarosa)
because they contain prime examples of hydrology,
physiography, and economics common to the entire
Florida coastal zone.

The “Florida Coastal Zone Management Atlas—

1972” provides decisionmakers and concerned citi-
zens with an overview of the components that make
up the coastal environment of Florida. The atlas
delineates the areas already developed and those
physically suited to future development where it
will have a minimum detrimental effect on the en-
vironment. The atlas contains an inventory of
relatively undisturbed natural features and recom-
mends preservation of essential segments to ensure
the maintenance of marine life, esthetic qualities of
the coast, and the physical integrity of the shore-
lands. A conservation zone is recommended between
development and preservation areas where develop-
ment is controlled by specific physical limitations.

The “Florida Keys Coastal Zone Management
Study—1974” was prepared as a model for state-
wide coastal-zone planning. The design followed the
same biophysical outline as the Management Atlas,
except that a level-III data base was generated to
provide site-analysis detail. Sections on socioeco-
nomic and environmental-quality analysis were ad-
ded.

The Bureau of Coastal Zone Planning and region-
al planning staffs have prepared a biophysical and
socioeconomic analysis using the years 1973-74 as a
data generation base. The biophysical analysis is a
level II updating of the Management Atlas data
with a scale of 1:126,720 and 40-acre data cells.
The socioeconomic analysis maps are at 1:24,000
scale, with data cells ranging from 5 to 20 acres de-
pending on the complexity of data and reproduction
scale limitations. The methods and techniques for
collecting, analyzing, and disseminating data follow
much the same procedures used in the Florida Keys
Management Study.

In FY 1977 data previously input on a site re-
sponse basis will be revised and updated using
level-IIT information and 1-5-acre data cells at
1:24,000 scale. Another thematic project is a syn-
optic map of the Florida coral reef system and
associated bottom detail. This interagency program
is a long-term study of relations between nature
and man and their effect on the health of the reef
system.

A number of cooperative programs between Flori-
da and both USGS and NOS are discussed in
“Sources of assistance and advice.”

NEW JERSEY

New Jersey has two coastal mapping programs,
wetlands and  tidelands. The wetlands mapping
program put into effect provisions of the New
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Jersey Wetlands Act of 1970, which regulates
private property to protect wetlands. Wetlands are
defined in the act as “any bank, marsh, swamp,
meadow, flat, or lowland subject to tidal action
along any inlet, estuary, or tributary waterway in-
cluding those areas now or formerly connected to
tidal waters whose surface is at or below an eleva-
tion of 1 foot above local extreme high water, and
which is capable of growing some but not all of”
specified species (list available from the New
Jersey coastal zone program manager, app. 3).

A study was contracted to determine existing
wetlands mapping methods, availability of data, and
funding. The study revealed that wetlands should
be defined only in terms of the vegetation species
without incorporating a specific elevation criterion.
If these species are present, the elevation test is
automatically satisfied. Also, color infrared photog-
raphy should be used as the primary method to de-
fine plant species.

Aerial photographs with complete stereocoverage
were acquired at 1:12,000 scale. Natural-color, color
infrared, and black-and-white panchromatic films
were exposed simultaneously. Black-and-white pan-
chromatic photographs also were acquired at 1:
30,000 scale for aerotriangulation. For delineation,
base maps at 1:2,400 scale were developed using
rectified black-and-white enlargements of color in-
frared photographs.

On each map the upper wetlands boundary and
major vegetation associations were delineated by
interpreting signatures of color infrared photo-
graphs in conjunction with natural-color photo-
graphs. Major species associations were defined as
one or more species having an area of 5 acres (2 ha)
or more and composing at least 25 percent of the
vegetation. Stands of lesser size were not mapped
unless it was in the interest of wildlife manage-
ment. For example, l-acre (0.4 ha) stands of
wild rice were mapped because of value to water-
fowl. Subsequent field checking showed that in-
terpretation of color infrared signatures provided
85-90 percent of required biological data. A report
containing explanations and names of the delinea-
tors accompanies each wetlands map.

Property-line overlays for each base map were
compiled from tax maps and show lot and block
numbers, with tabular listing of ownership. The
1:2,400-scale base map was chosen because it is
similar to the scale of municipal tax maps, and
the accuracy is defensible in court. Wetlands maps
meet National Map Accuracy Standards below the
elevation of 10 ft above mean sea level.

The New Jersey tidelands mapping program
catalogs State riparian (now or formerly below
mean high water) lands. Most maps will be made
in-house; some may be contracted in the final
drafting stage. Data will be drawn from over 200
tide gaging stations throughout the State. Old
photographs, maps, surveys, and biological data
(such as wetlands maps) will be used. NOS will
help with data analysis and field direction.

Final products will be base maps and overlays at
1:2,400 scale meeting National Map Accuracy
Standards. The mapping of State lands in the
Hackensack Meadowlands was completed by 1974.
Mapping for the entire State will be completed by
1980 at a cost of $6 million.

Photoquads were made to update land use pat-
terns of the USGS topographic 7.5-min quadrangle
maps of New Jersey. Aerial color infrared photo-
graphs were taken under contract at 12,200 m
(40,000 ft). Final maps are 1:24,000 -scale on
transparent stable plastic for overlay on USGS topo-
graphic maps. The program took approximately 4
mo and cost $60,000. Updates are planned at 3-
yr intervals.

TEXAS

The Texas Coastal Management Program has de-
fined two tiers of counties inland from the coast
as the coastal region. Although the coastal manage-
ment zone is only a fraction of this area, an in-
ventory of the whole region is necessary.

The base map for the inventory is a 1:250,000-
scale composite of two kinds of projections: the
polyconic of USGS 7.5-min sheets for wetlands, as
prepared by the Bureau of Economic Geology, the
University of Texas at Austin; and the universal
transverse Mercator for inland areas, as prepared
from Army Map Service-USGS 1:250,000-scale
maps. The regional base map has been used for
compilation of geologic substrate, potential mineral
deposits, active processes, natural biologic assem-
blages, soil (agronomic) capabilities, water features,
historical-archeological data, and current land use.
These maps have been published at 1:500,000 scale
with an accompanying report entitled “Resources
of the Texas Coastal Region.”

With the regional resource inventory as back-
ground material, composite resource areas consti-
tuting coastal waters (including all bay-estuarine
and nearshore Gulf systems) and shorelands (in-
cluding wetlands, active dune complexes, and
beaches) have been mapped. Note that such
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boundaries are not static but vary seasonally and
secularly. Changes continually occur between State-
owned (submerged) and private lands. Evaluation
of data on the composite resource-areas map will
show where various human activities can be sus-
tained naturally. The composite resource-areas map
was compiled at 1:24,000 scale and published at
1:250,000 scale and will be a basic planning docu-
ment.

The Texas Coastal Management Program includes
other important projects:

e A coordinated ground-controlled aerial-photo-
graphic survey with color infrared stereo-
scopic pairs of the Padre Island-Laguna
Madre area in south Texas at 1:24,000 scale.
Controlled imagery is needed because of chang-
ing landforms due to shifting sands.

e Controlled aerial photographs of the Padre
Island-Laguna Madre area processed into
orthophotomaps at 1:24,000 scale in a 7.5-min
format conforming to USGS quadrangles in
the area to allow use of control points after
future aerial photographic flights without
expensive ground resurveys.

¢ New color infrared aerial photographs have been
taken at 1:24,000 scale for all bay margins
and coastal wetlands.

New NASA color-infrared images of the coast.

Reconnaissance offshore mapping by BEG.

Detailed revisions and updates of coastal wet-
lands maps at 1:24,000 scale.

The BEG functions as the State geological sur-
vey and focuses on problems concerning natural
resources and engineering. Some BEG programs and
publications are:

e Environmental geologic atlases of the Texas
coastal zone.—A series of detailed reports on
individual coastal areas. Includes environ-
mental geology, physical properties, environ-
ments and biologic assemblages, land use,
mineral and energy resources, active (geo-
logic) processes, manmade features and wa-
ter systems, rainfall and ground water, and
topographic-bathymetric maps.

e ‘“Natural Hazards of the Texas Coastal Zone.”
—Explains the natural hazards to life and
property that result from such occurrences as
hurricanes, floods, shoreline erosion, land-sur-
face subsidence, and active surface faulting.

o Geological Circular 75-4.—Analysis of the his-
torical changes in the Texas coastline. De-
seribe the eartographic procedures used.

e Land resources laboratory map series.—Land-
and water-use maps of the area under the juris-
diction of the Houston-Galveston Area Coun-
cil of Governments. Maps include vegetation,
minerals, energy, and subsidence and hurri-
cane flooding.

o “Publications of the Bureau of Economic Geolo-
gy.”—List of reports and maps published by
BEG.

For more information on BEG or to obtain
literature, contact:

Bureau of Economic Geology
The University of Texas
Box X, University Station
Austin, Texas 78712

For more information on the Texas Coastal

Management Program, contact:

Texas Coastal Management Program
General Land Office

1700 North Congress Avenue
Austin, Texas 78701

SOURCES OF ASSISTANCE AND ADVICE

Many Federal agencies are experienced in selec-
ting and developing maps and mapping programs.
Before undertaking an extensive mapping program,
any agency should be aware of existing maps and
other data from Federal, regional, State, and local
sources. Building on existing information is gener-
ally the most economical and effective approach to
coastal mapping. The establishment of intrastate,
interstate, and State-Federal cooperative programs
to maximize use of existing resources is particularly
important.

GENERAL INFORMATION CENTERS

General information concerning the availability
of map and chart data produced by Federal agen-
cies can be obtained from a number of sources in-
cluding the National Cartographic Information
Center (NCIC), the National Geodetic Survey In-
formation Center (NGSIC), the Environmental
Data Service (EDS), and the EROS Data Center
(EDC).

National Cartographic Information Center

The primary role of NCIC is to develop and
maintain an information data base on the location
and availability of cartographic data. Generally,
mapping organizations store and distribute their
own cartographic data, and users are encouraged to
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deal directly with the agency concerned if they know
what they need and where it can be found. How-
ever, NCIC assists those who need help to determine
what is available and where it is located.

NCIC is headquartered at Reston, Virginia, and
has six regional offices around the country.

National Cartographic Information Center
U.8. Geological Survey

MS 507 National Center

Reston, Virginia 22092

Telephone: 703-860-6045

National Cartographic Information Center
Eastern Mapping Center

U.8. Geologieal Survey

MS 536 National Center

Reston, Virginia 22092

Telephone: 703-860-6336

National Cartographic Information Center
Mid-Continent Mapping Center

U.S. Geological Survey

1400 Independence Road

Rolla, Missouri 65401

Telephone: 314-364-3680 x107

National Cartographic Information Center
Rocky Mountain Mapping Center

U.8. Geological Survey

Stop 510, Box 25046

Denver Federal Center

Denver, Colorado 80225

Telephone: 303-234-2326

National Cartographic Information Center
Western Mapping Center

U.S. Geological Survey

345 Middlefield Road

Menlo Park, California 94025

Telephone: 415-323-8111 x2427

National Cartographic Information Center
U.S. Geological Survey

National Space Technology Laboratories
Building 1100

NSTL Station, Mississippi 89529
Telephone: 601-688-3544

National Cartographic Information Center
EROS Data Center

U.S. Geological Survey

Sioux Falls, South Dakota 57198
Telephone: 605-594-6511 x507

Some States established affiliated offices that oper-
ate as extensions of the NCIC system.

Arizona
Arizona Department of Revenue
Arizona Resources Information System
Room 302
1624 West Adams Street
Phoenix, Arizona 85007
Telephone: 602-271-4061

Georgia
Geologic and Water Resources Division
Department of Natural Resources
19 Martin Luther King Drive
Atlanta, Georgia 30334
Telephone: 404-656-3214

Minnesota
Minnesota State Planning Agency
Environmental Planning Division
15 Capitol Square
550 Cedar Street
Saint Paul, Minnesota 55101
Telephone: 612-296-2613

New Mexico
Technology Application Center
University of New Mexico
2500 Central Avenue, SE.
Albuquerque, New Mexico 87181
Telephone: 505-277-3622

South Carolina
South Carolina Land Resources Conservation Commission
Suite 222
2221 Devine Street
Columbia, South Carolina 29205
Telephone: 803-758-7197 x41

Texas
Texas Natural Resources Information System
P.O. Box 13087
Austin, Texas 78711
Telephone: 512-475-8321

West Virginia
West Virginia Cartographic Center
West Virginia Geological and Economic Survey
P.O. Box 879 Whitehall
Morgantown, West Virginia 26505
Telephone: 304-292-6331 x256

National Geodetic Survey Information Center

The National Geodetic Survey, an office of NOS,
is responsible for establishing and maintaining the
Nation’s horizontal and vertical control networks.
Control survey data are available to the public
from the National Geodetic Survey Information
Center. In addition to information about NGS
control, NGSIC receives input from a number of
Federal agencies, including USGS, and from some
State agencies. Eventually, NGSIC will be able to
provide information on control surveys established
by a greater number of agencies. For assistance in
obtaining control survey data, contact:

National Geodetic Survey Information Center, C18
National Qcean Survey

National QOceanic and Atmospheric Administration
Rockville, Maryland 20852

Telephone: 301-443-8631
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Environmental Data Service

The resources of NOAA’s Environmental Data
Service are essential to environment-related coastal
programs. They comprise basgeline knowledge needed
to plan, design, build, operate, and monitor the
environmental effect of offshore energy facilities,
such as drilling rigs, supertanker ports, and float-
ing nuclear powerplants; to provide a standard by
which to measure pollution and its impaet upon
the coastal environment; and to assess the natural
state of the coastal environment for planning and
management. EDS works with Federal, State, and
local agencies to determine coastal environmental
data and information needs and develops the neces-
sary data to meet those needs. In addition, EDS
provides experiment-design and data-management
expertise plus referral to data and information hold-
ings not in its own files. Finally, to meet NOAA’s
obligations under the Deepwater Ports Act of 1974,
EDS evaluates and prepares recommendations re-
garding DWP license applications, related environ-
mental impact statements, and adjacent coastal
States statutes as specified in the Act. For assistance
in obtaining these data, contact:

Director, Environmental Data Service

National Oceanic and Atmospheriec Administration
Page Building 2

3300 Whitehaven Street, NW.

Washington, D.C. 20235

Telephone: 202-634-7318

EROS Data Center

The EROS Data Center, near Sioux Falls, S.
Dak., is operated by the Earth Resources Observa-
tion Systems (EROS) Program of the Department
of the Interior, and is managed by the Geological
Survey’s Land Information and Analysis Office. It
provides access to imagery from Landsat, Skylab,
USGS aerial photographs, NASA aircraft data, and
other remote sensing products and training and
assistance in the use of these data. EDC currently
stores approximately 5.5 million master reproduei-
bles that can be copied and sold to users.

For assistance in selecting imagery or to place
an order, contact:

User Services Unit

EROS Data Center

U.S. Geological Survey

Bioux Falls, South Dakota 57198
Telephone: 605-594-6511

In addition to EDC, a network of EROS and
NCIC affiliated offices has been established. They

have microfilm copies of imagery held at EDC and
provide assistance in determining what data are
available and in ordering desired data.

These offices include the NCIC offices previously
listed and the

EROS Applications Assistance Facility
University of Alaska

Geophysical Institute

College, Alaska 99701

Telephone: 907-479-7558

MAJOR FEDERAL MAPPING AND CHARTING
PROGRAMS

The two major mapping and charting programs
in the United States that influence the coastal
zone are administered by USGS and NOS.

U.S. Geological Survey

The U.S. Geological Survey, as the primary civi-
lian producer of maps, publishes several series
of topographic maps of the United States as part
of the Department of the Interior National Map-
ping Program. Other Federal agencies that some-
times prepare topographic maps in connection with
their regular activities are the Defense Mapping
Agency Topographic Center (DMATC), NOS, Ten-
nessee Valley Authority (TVA), U.S. Forest Serv-
ice (USFS), and Mississippi River Commission
(MRC).

The principal USGS map series and their charac-
teristics are given in table 1. In addition to the
maps listed, USGS produces a number of others
such as the National Park series (at various scales)
that covers national parks, monuments, and his-
toric sites. Many of the maps are available in
shaded-relief editions on which the topography is

TABLE 1~—Principal U.S. Geological Survey map series

1 em
Series Scale represents Geographic 1 inch
(km) coverage represents
7.5-min 1:24,000 0.24 7.5'x7.5' 2,000 ft
Puerto Rico 1,667 ft
7.5-min 1:20,000 .20 7.5'x7.5’ 2,000 £t
Alaska 1:24,000 1:24,000 24 7.5’x15’ or 18’ 2,083 £t
Alaska 1:25,000 1:25,000 .25 7.5'x11.25" 4,167 ft
1:50,000 county  1:50,000 50 County
15-min 1:62,5600 625 15'x15° nearly 1 mi
Alaska 1:63,360 1:63,360 .6336 15'x20%, 22,5/, 1 mi
30°, or 36’
1:100,000 county 1:100,000 1.0 County 8,333 1t
U.8. 1:100,000 1:100,000 1.0 30'x1° 8,333 ft
U.8. 1:250,000 1:250,000 2.5 ‘1°x2° nearly 4 mi
IMW 1:1,000,000 1:1,000,000 10.0 4°x6° nearly 16 mi

Note.—In Alaska the sizes of the 1:250,000 and 1:1,000,000-scale
quadrangles vary from the above figures.
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made to appear three-dimensional by shadow ef-
fects. State base maps at scales of 1:500,000 (1 ecm
represents 5 km) and 1:1,000,000 are available
for all States except Alaska and Hawali, which
are covered by maps at other scales. Byproducts of
State base maps are State hydrologic unit maps that
show regions and subregions used by the Water
Resources Division to plan detailed studies of water
and related land resources. They also show account-
ing units used for managing the national water data
system. For some States, topographic and shaded-
relief editions are also available. Maps of the United
States are available in sizes and scales ranging from
letter size (1:16,500,000 scale) to a two-sheet wall
map (1:2,500,000 scale). A new 50-State map is the
first detailed USGS map of the United States that
shows Alaska and Hawalii in their proper size and
position relative to the other 48 States.

Topographic maps of special format are pro-
duced for many principal rivers and their flood
plains. Topographic-bathymetric maps are also be-
ing produced, and research is being conducted in
wetlands mapping. In addition, land use overlays
are being prepared for the Geography Program of
the USGS Land Information and Analysis Office.

The products mentioned in this section do not
define the limits of USGS mapping functions. USGS
is receptive to the needs of map users and is pre-
pared to undertake new programs and special
projects, including cooperative mapping programs,
when they are needed.

Detailed information on USGS mapping pro-
grams can be obtained from the following sources:

Alaska and Texas
Branch of Plans and Production
Rocky Mountain Mapping Center
U.8. Geological Survey
Stop 510, Box 25046
Denver Federal Center
Denver, Colotado 80225
Telephone: 303-284-8739

Atlantic Coast States, Alabama, Indiana, Ohio, Pennsyl-
vania, Puerto Rico, and the Virgin Islands

Branch of Plans and Production

Eastern Mapping Center

U.S. Geological Survey

MS 559 National Center

Reston, Virginia 22092

Telephone: 703-860-6393

Illinois, Louisiana, Michigan, Minnesota, Mississippi, and
Wisconsin
Branch of Plans and Production
Mid-Continent Mapping Center
U.S. Geological Survey -
1400 Independence Road

Rolla, Missouri 65401
Telephone: 314-364-3680

Pacific Coast States, Hawaii, American Samoa, and Guam
Branch of Plans and Production
Western Mapping Center
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94025
Telephone: 415-323-2411

Entire coastal zone
Office of Plans and Program Development
U.8. Geological Survey
MS 514 National Center
12201 Sunrise Valley Drive
Reston, Virginia 22092
Telephone: 703-860-6706

National Cartographic Information Center
U.S. Geological Survey

MS 507 National Center

12201 Sunrise Valley Drive

Reston, Virginia 22092

Telephone; 703-860-6045

The Geological Survey has a revision program
designed to update its standard products. Emphasis
is given to the 7.5-min topographic series because,
besides being the primary series, it is also used
to update other products. Each year a number of
quadrangle maps are revised, based on periodic
review in several categories.

Maps in urban areas are normally reviewed for
revision every 5 years; those in agricultural areas,
every 10 years; in remote areas, every 20 years.
Not all maps are revised on review; approximately
50 percent of those reviewed warrent the expense of
revigion.

Maps of urbanized portions of the Standard
Metropolitan Statistical Areas (SMSA’s) defined by
the Bureau of the Census are maintained on a
5-yr cycle. At the request of the Federal Aviation
Administration, quadrangle maps within 10 nmi
of 600 selected airports are revised on a 5-yr
cycle.

Other categories considered for review (not neces-
sarily in the order listed) are:

1. SMSA’s extended (nonurban portion).

2. Coastal zone.

3. A-16 multiple requests (quadrangles re-
quested by other Federal agencies
through the Office of Management and
Budget (OMB) Circular A-16.

Cities and towns outside SMSA’s.

Energy areas.

Parks and recreation areas.

Trangportation corridors.

NS o
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There are some exceptions to the normal review.
For example, a cooperative mapping program may
call for review of an area on a shorter cycle. Such
areas usually receive priority consideration.

The Geological Survey is increasing emphasis on
production and revision of maps in the coastal
zone to provide users with accurate and up-to-date
maps for the entire zone.

There are approximately 3,600 7.5-min quad-
rangle areas in the coastal zone of the conterminous
United States, Alaska, Hawaii, and Puerto Rico. The
number includes shoreline quadrangles plus adja-
cent inland quadrangles. Of these, about 700 need
new mapping and 2,000 need revision. Quick-re-
sponse products, such as orthophotoquads and in-
terim revisions, will be provided for many coastal
areas.

Research projects have played an important role
in the USGS mapping program. For example, the
Water Resources and Topographic Divisions co-
operated in mapping the wetlands on the Doboy
Sound, Ga., 7.5-min quadrangle. Spectral signatures
of vegetation groupings were interpreted from color
infrared photographs. Orthophotoquads (1:10,000
scale, 2.5’'x3.75’ format) were used as bases for the
wetlands compilation. The experiment showed that
remote sensing coupled with field investigation can
be used to delineate the defined wetlands. Two ad-
ditional USGS projects dealing with mapping and
environmental assessments of wetlands are under-
way.

National Ocean Survey

The National Ocean Survey publishes nautical
charts of the waters of the United States and its
territories, Charts of the coastal zone are available,
but not always at a scale suitable for all coastal
management functions. Nautical charts are pro-
duced in various sizes and formats, with differing
degrees of detail. The charts are produced by the
Marine Chart Division from basic hydrographie,
oceanographic, and topographic surveys conducted
by other NOS components. The Coastal Mapping
and Oceanographic Divisions retain such data as
aerial photographs, large-scale maps, tide and cur-
rent data, and sea water temperatures, which are
of considerable value in coastal affairs.

In addition to presenting data from NOS opera-
tions, nautical charts are the principal means for
disseminating navigation data provided by other
agencies. For example, the full benefit of aids to
navigation—improved channels and harbors, traf-

fic separation schemes, and navigation regulations—
can be realized only by bringing together all the
information on the charts in a form that is easily
understood and readily usable by mariners.

The large single-sheet flat charts usually averag-
ing 33x42 in (84x107 c¢m) are called “conventional
charts.” This distinguishes them from the more
compact, folded, small-craft charts which vary in
size, but are generally smaller than 8x19 in (20x48
em) when folded.

Chart maintenance is a vital part of charting
responsibility. Shoaling or dredging in channels,
changes in both visual and electronic aids to naviga-
tion, and natural and manmade changes to the
shoreline and alongshore structures necessitate fre-
quent revision to provide navigators with up-to-
date information.

Revision of a chart is based on new aerial photo-
graphs, field-generated data, or a combination of
both, and is usually limited to specific areas on
the chart where sufficient change has occurred to
warrant updating. For economic reasons, an area
is completely remapped only when the scope of the
change so dictates or when new formats, larger
scale products, or special-purpose charts are re-
quired.

The charts are revised on various maintenance
schedules: 2-3 years for more active areas and
4-12 years for less active areas. A few, such as
charts of New York and Baltimore Harbors, are

‘revised and printed on a 6-month schedule.

For further information on nautical charts, con-
tact:

Chief, Marine Chart Division

National Ocean Survey

National Oceanic and Atmospheric Administration
Rockville, Maryland 20852

Telephone: 301-443-8741

In cooperation with USGS, NOS publishes a
series of maps as primary planning bases to help
State and local communities and Federal agencies
optimize use of the coastal zone. Under this pro-
gram, NOS provides information seaward of the
shoreline, and USGS provides the landward de-
tails. The maps include the following series: a
1:10,000-scale series that depicts mean high water,
mean low water, or mean lower low water tidal
datum lines which are boundary base lines for the
United States and its possessions; an enhanced
1:24,000-scale series in the same format as the
USGS standard 7.5-min quadrangle series; a new
1:100,000-scale series of particular value to States
and regional commissions; and a 1:250,000-scale
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series useful for State, regional, and Federal plan-
ning. These maps are produced after coordination
of NOS and USGS mapping programs and after con-
sultation with State and Federal agencies. Priori-
ties are established on the basis of State needs and
the availability of cost-sharing funds.

The coastal mapping program of NOS provides
aerial photographic and office compilation services
to map the shoreline and locate nearshore features.
The estuarine and lake level programs provide
measurement, analysis, prediction, and dissemina-
tion services for tides, currents, lake levels, and
river flows in the coastal and estuarine areas of
the United States, including the Great Lakes and
interconnecting waterways.

For further information, contact:

Chief, Marine Chart Division

National Ocean -Survey

National Oceanic and Atmospheric Administration
Rockville, Maryland 20852

Telephone: 301-443-8741

Detailed field surveys at 600 airports designated
by the Federal Aviation Administration and pro-
duction of obstruction charts covering 10 nmi
around those airports have been assigned to NOS.
Obstruction charts and control survey data near
major airports can be obtained from:

Chief, Coastal Mapping Division

National Qcean Survey

National Oceanic and Atmospheric Administration
Rockville, Maryland 20852

Telephone: 301-443-8744

USGS AND NOS COOPERATIVE PROGRAMS

Federal mapping agencies cooperate on projects
that contribute to national mapping and charting,
including special products as well as standard map
series. States, Commonwealths, or Territories, their
political subdivisions, and their agencies may enter
into cooperative agreement in which map produe-
tion is funded equally by the State agency and the
Federal Government. The cost of publication normal-
ly is borne by the Federal Government. The effect
of cooperative agreements is to expedite mapping of
areas of particular interest to the cooperating agen-
cy because the cooperators help select new project
areas. Cooperators are listed in appendix 1. The
list is by no means exclusive; additional cooperative
programs can be arranged with other organizations
within the same jurisdictions.

QOccasionally agencies enter into cost-sharing
agreements to support specified parts of map prepa-

ration. For example, an agency could provide all or
some of the funds for compiling the planimetry
but not the contouring of a topographic map. Simi-
larly, State agencies have shared costs for deter-
mining tidal datums and coastal boundaries. If the
work to be performed does not directly contribute
to national mapping and charting, a repay or reim-
bursable project may be arranged.

In repay projects the work is done by the Federal
Government, but the entire cost of the project is
paid by the requesting agency. Acceptance of a re-
imbursable agreement depends on the nature of the
work and the ability of the Federal agency to fit the
job into its production schedule.

In addition to mapping and charting projects, the
Federal Government cooperates on surveying and
tidal-determination projects. Recent cooperative geo-
detic surveying programs were undertaken with New
York, Georgia, Maine, Connecticut, Oregon, Califor-
nia, and Louisiana. These programs vary widely;
further information may be obtained from the
Director of NOS.

Since the mid-1970’s, NOS has been conducting
tidal datum surveys in cooperation with Florida, New
Jersey, and California. In the near future coopera-
tive tidal datum surveys and coastal mapping will
be planned for all coastal areas. The planned pro-
gram involves cooperative establishment of the tidal
datums prior to mapping the desired tidal datum
lines to NOS accuracy specifications.

For information about a cooperative agreement
with USGS, the following offices may be contacted:

Alaska and Texas
Chief, Rocky Mountain Mapping Center
U.S. Geological Survey
Stop 510, Box 25046
Denver Federal Center
Denver, Colorado 80225
Telephone: 803-234-2351

Atlantic Coast States plus Alabama, Indiana, Pennsyl-
vania, Ohio, Puerto Rico, and the Virgin Islands
Chief, Eastern Mapping Center
U.S. Geological Survey
MS 567 National Center
Reston, Virginia 22092
Telephone: 703-860-6352

Illinois, Louisiana, Michigan, Minnesota, Mississippi, and
Wiseonsin
Chief, Mid-Continent Mapping Center
U.S. Geological Survey
1400 Independence Road
Rolla, Missouri 65401
Telephone: 814-864-3680
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Pacific Coast States plus Hawaii, American Samoa, and
Guam
Chief, Western Mapping Center
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94075
Telephone: 415-323-2411

Headquarters office
Chief, Topographic Division
U.S. Geological Survey
MS 516 National Center
12201 Sunrise Valley Drive
Reston, Virginia 22092
Telephone: 703-860-6231

For information about a cooperative program with
NOS, contact:

Director, National Ocean Survey

National Oceanic and Atmospheric Administration
6001 Executive Boulevard

Rockville, Maryland 20852

Telephone: 301-443-8744

Both USGS and NOS recognize the need for pro-
viding technical assistance to other organizations—
Federal, State, or private. Technical information in
the form of mapping instructions and professional
papers may be cbtained from:

Technical Information Office
U.8. Geological Survey

MS 520 National Center
Reston, Virginia 22092
Telephone: 703-860-6275

Coastal Mapping Division

National Qcean Survey

National Oceanic and Atmospheric Administration
6001 Executive Boulevard

Rockville, Maryland 20852

Telephone: 301-443-8744

The USGS technical assistance program includes
such services as providing technical instructions, ac-
cepting research projects on a repay basis, and train-
ing non-Federal personnel at the headquarters or
at any of the regional offices across the country. Re-
quests for such arrangements should be directed to:

Office of Research and Technical Standards
U.8. Geological Survey
MS 519 National Center

Reston, Virginia 22092
Telephone: 703-860-6291

or to the Director of NOS.

In addition to the handbook, there are other co-
operative programs between NOS and USGS. One
is the topographic-bathymetric map series which
will incorporate the data previously shown sepa-
rately on USGS topographic maps and NOS bathy-
metric maps into one format and edition. The inte-

grated product is designed to serve the cartographic
needs of oceanographers, marine geologists, land use
planners, physical scientists, conservationists, and
others interested in managing the coastal zone, the
wetlands, and the offshore environment.

A portion of the 1:250,000-scale topographic-
bathymetric map for Wilmington, Del -N.J.-Pa.-Md.,
is shown in appendix 7, figure 12. Other maps have
been authorized at that scale and at 1:100,000 scale.
Eventually such maps will be available at 1:24,000
scale and in some cases at 1:10,000 scale.

MAPPING AND CHARTING ACTIVITIES

The following offices are sources of information
about the mapping and charting programs of the
particular agency listed. Cartographic data are not
always available at these offices. See the following
section, “Product and data sources,” for a list of
data distribution points.

Agricultural Stabilization and Conservation Service
Aerial Photography Field Office
Agricultural Stabilization and Conservation Service
(2222 West, 2300 South)
Box 30010
Salt Lake City, Utah 84109
Telephone: 801-524-5856

Bonneville Power Administration
Information Office
Bonneville Power Administration
1002 NE. Holliday Street
Portland, Oregon 97208
Telephone: 503-284-3361 xb5133

Bureau of Indian Affairs
Publie Information Office
Bureau of Indian Affairs
18th and C Streets, N.-W.
Washington, D.C. 20245
Telephone: 202-343-7435

Bureau of Land Management
Division of Cadastral Survey
Bureau of Land Management (420)
Washington, D.C. 20240
Telephone: 202-343-8205

Bureau of Mines
Office of Technical Data Services
Bureau of Mines
Columbia Plaza
2401 E St., N.W.
Washington, D.C. 20241
Telephone: 202-634-1110

Bureau of Outdoor Recreation
Deputy Director for Planning
Bureau of Outdoor Recreation
4415 Interior Building
18th and C Streets, NW.
Washington, D.C. 20240
Telephone: 202-343-7375
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Bureau of Reclamation
Information Branch
Office of Public Affairs
Bureau of Reclamation
7640 Interior Building
18th and C Streets, NW.
Washington, D.C. 20240
Telephone: 202-343-4662

Bureau of the Census
Geography Division
Bureau of the Census
Washington, D.C. 20233
Telephone: 301-763-2668

Delaware River Basin Commission
Executive Director
Delaware River Basin Commission
(25 State Police Drive)
P.0. Box 7360
West Trenton, New Jersey 08628
Telephone: 609-883-9500

Department of State
Office of the Geographer
Bureau of Intelligence and Research
8744 State Department Building
2201 C Street, NW,
Washington, D.C. 20520
Telephone: 202-632-1428

Energy Regulatory Commission
Office of Public Information
Energy Regulatory Commission
825 North Capitol Street, N.E.
Washington, D.C. 20426
Telephone: 202-275-4006

Environmental Protection Agency
Office of Public Awareness
Environmental Protection Agency
401 M Street, SW.

Washington, D.C. 20460
Telephone: 202-755-0715

Federal Communications Commission
Public Information Office
Federal Communications Commission
Room 202
1919 M Street, NW.
Washington, D.C. 20554
Telephone: 202-632-7260

Federal Highway Administration
Office of Public Affairs
Federal Highway Administration
Room 4208
400 Tth Street, SW. B
Washington, D.C. 20590
Telephone: 202-426-0677

Federal Insurance Administration
Assistant Administrator for Flood Insurance
Federal Insurance Administration
Room 5272
451 Tth Street, SW.
Washington, D.C. 20410
Telephone: 202-755-5581

Fish and Wildlife Service
Division of Realty
Fish and Wildlife Service
6556 Matomic Building
1717 H Street, NW.
Washington, D.C. 20240
_Telephone: 202-343-4676

Forest Service
Publications Office
Office of Information
U.S. Forest Service
Washington, D.C. 20013
Telephone: 202-447-3957

International Boundary Commission
U.S. Commissioner
International Boundary Commission
United States and Canada
United States Section
Room 150
425 I Street, N.W.
Washington, D.C, 20536
Telephone: 202-783-9151

International Boundary and Water Commission
U.S. Commissioner
International Boundary and Water Commission
United States and Mexico
United States Section
(4110 Rio Bravo, Executive Center)
P.O. Box 20003
El Paso, Texas 79998
Telephone: 915-543-7300

Mississippi River Commission
Executive Assistant
Mississippi River Commission
(Mississippi River Commission Building)
P.0. Box 80
Vicksburg, Mississippi 39180
Telephone: 601-636-1311 x201

National Aeronautics and Space Administration
User Affairs Office
Office of Applications
National Aeronautics and Space Administration
247 Federal Office Building
600 Independence Avenue, SW.
Washington, D.C. 20546
Telephone: 202-755-2070
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National Oceanic and Atmospheric Administration

Environmental Data Service
Director
Environmental Data Service

National Oceanic and Atmospheric Administration

2001 Wiscongin Avenue, NW.

Washington, D.C. 20235

Telephone: 202-634-7318
Environmental Research Laboratories

Office of Programs

Environmental Research Laboratories

National Oceanic and Atmospheric Administration

3100 Marine Avenue

Boulder, Colorado 80302

Telephone: 303-499-6212
National Ocean Survey

Program Development Division

National Ocean Survey

‘Nautional Oceanic and Atmospheric Administration

Roekville, Maryland 20852
Telzphone: 301-443-8548
Physical Science Services Branch
Scientific Services Division
National Ocean Survey

National Oceanic and Atmospheric Administration

Rockville, Maryland 20852
Telephone: 301-443-8031

National Weather Service
National Weather Service

National Qceanic and Atmospheric Administration

Gramax Building

8060 13th Street

Silver Spring, Maryland 20910
Telephone: 301-427-7622

National Park Service
Office of Communications
National Park Service
3043 Interior Building
18th and C Streets, NW.
‘Washington, D.C. 20240
Telephone: 202-343-6843

Soil Conservation Service
Education and Publication Branch
Information Division
Soil Conservation Service
U.S. Department of Agriculture
Washington, D.C. 20250
Telephone: 202-447-5063

U.S. Air Force
Office of Information
Office of the Secretary
U.S. Air Force
The Pentagon
Washington, D.C. 20330
Telephone: 202-695-4602

U.S. Army
Public Affairs Office
Office of the Chief of Engineers
Department of the Army
James Forrestal Building
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U.S. Army Corps of Engineers

Maps and charts

Public Affairs Office

Office of the Chief of Engineers
Department of the Army
James Forrestal Building
Washington, D.C. 20314
Telephone: 202-693-6326

Photographs

Coastal Engineering Research Center

Kingman Building
Fort Belvoir, Virginia 22060
Telephone: 202-325-7000

U.S. Coast Guard
Public Affairs Division
U.S. Coast Guard
400 7th Street, SW.
Washington, D.C. 20590
Telephone: 202-426-1587

U.S. Geological Survey

Qeneral cartographic information
User Services Section

National Cartographic Information Center

U.S. Geological Survey

MS 507 National Center
Reston, Virginia 22092
Telephone: 703-860-6045

Map information

Public Inquiries Office?
U.8. Geological Survey
108 Skyline Building

508 2d Avenue
Anchorage, Alaska 99501
Telephone: 907-277-0577

Public Inquiries Office ®

U.8. Geological Survey

7638 Federal Building

300 North Los Angeles Street
Los Angeles, California 90012
Telephone: 213-688-2850

Public Inquiries Office *

U.S. Geological Survey

504 Customs House

5565 Battery Street

San Franciseo, California 94111
Telephone: 415-556-5627

Public Inquiries Office
U.S. Geological Survey
1C45 Federal Building
1100 Commerce Street
Dallas, Texas 75202
Telephone: 214-749-3230

1 Area of concern is limited to Alaska.

2 Area of concern is limited to the States within the particular
region of the country. The Los Angeles and San Francisco offices
provide information on Hawalii.

Washington, D.C. 20314
Telephone: 202-693-6326
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U.S. Geological Survey—continued

Public Inquiries Office

U.S. Geological Survey

1036 General Services Building
19th and F Streets, NW.
Washington, D.C. 20240
Telephone: 202-343-8073

Public Inquiries Office
U.S. Geological Survey
MS 302 National Center
Reston, Virginia 22092
Telephone: 703-860-6167

Public Inquiries Office ?
Publications Division

U.S. Geological Survey

678 U.S. Court House

West 920 Riverside Avenue
Spokane, Washington 99201
Telephone: 509-466-2524

Technical information
Technical Information Office
U.8. Geological Survey

MS 520 National Center
Reston, Virginia 22092
Telephone: 703-860-6275

Photographic information

User Services Unit

EROS Data Center

U.8. Geological Survey

Sioux Falls, South Dakota 57198
Telephone: 605-594-6511

U.S. Marine Corps
Information Branch
Information Division
U.S. Marine Corps
Arlington Annex
Columbia Pike and Arlington Ridge Rd.
Arlington, Virginia 20370
Telephone: 202-694-1492

U.S. Navy
Research and Public Inquiries Office
Publie Information Division
Office of Information
U.S. Navy
The Pentagon
Washington, D.C. 20850
Telephone: 202-695-0965

For assistance and advice on State mapping pro-
grams, contact the State representatives listed in
appendixes 1, 2, and 3. These sources should also
be able to provide information about municipal and
private mapping efforts in the States. Other sources
of information about private mapping and aerial
surveying companies are listed in appendix 4.

Area of concern 1s limited to the states within the particular region
of the country.
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PRODUCT AND DATA SOURCES

Maps, charts, and related data that may be helpful
in coastal management are listed below. Addresses
of distribution offices follow. Information offices are
listed in the preceding section, “Sources of assist-

ance and advice.”

Producing
Products agency
Aeronautical charts o NOS

Boundary information
United States and Canada __IBC
United States and Mexico .- IBWC
Boundary and annexation sur-
veys of incorporated places
with 2,500 or more inhabi-

tants BC
Civil subdivisions and
reservations ____________ BLM
State/Federal ___________.. DOS
Census data (social and
economic statistics) ____o..- BC
Climatic maps _ o ______ NwWS
Earthquake hazard map ...~ USGS
Federal property maps
Bureau of Reclamation ___BR

Fish and Wildlife Service __FWS
National Aeronautics and

Space Administration . NASA
National forests . ——_____ FS
National Park Service _.—- NPS
Military reservations

Air Foree oo USAF

Army __ USA

Coast Guard . oo UscaG

Marines _________________ UsSMC

NAVY e USN

State map of lands

administered by Bureau

of Land Management ____ BLM
U.S. map of lands

administered by Bureau

of Land Management ... BLM

Flood-plain maps ____________ DRBC

Geodetic control data _______. NGS

Geologic maps
Coal investigations ___.._..._- USGS
General geologic _______ ... SGA

Available
from

NOS

IBC
IBWC

GPO

BLM
DOS

GPO
NWS
USGS

BR
FWS

NASA
FS
NPS

USAF
USA
USCG
USMC
USN

BLM

BLM

DRBC
FIA
MRC
FIA
SCS
USCE
USGS

NGS
USCE
NGS/NCIC

USGS
SGA
USGS



20

Producing

Products agency

Geologic maps—continued

Geophysical investigations ._.NOAA

NOAA
USGS
Mineral investigations —_____ USGS
Mines BM
Oil and gas investigations __ {yggs
Geographic maps . NOS
Land use USGS
Highway maps
County FHWA
Indian lands _____ . _____... BIA
Federal lands _______________ FHWA

Federally funded roads ._..FHWA
Federal primary and

secondary . _______ FHWA
Interstate FHWA
Traffic flow - FHWA
Urban FHWA
Federal Highway Map of

the United States ______._ FHWA

Historical maps and charts .___LC, All Fed-
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Awailable
from

EDS
ERL
USGS
USGS
BM
USGS
NOS
USGS

States
BIA
FHWA
GPO

GPO
FHWA
States
States

GPO
LC, NARS

eral agencies.

Hydrographic charts and

bathymetric maps ... NOS
USCE
USGS
Coastal data
Beach erosion _________ USCE
Coastal boundary
orthophotomaps ___._ NOS
USGS
Coastal boundary
planimetric maps ____NOS
USGS

Coastal United States
shoreline survey

ADPS e NOS
Delaware River Basin
outlinemap _________ DRBC

Estuarine coastline
measurement maps _ EPA
Outer continental shelf
diagram and re-
source management

maps — BLM
UBGS
Shellfish area map-
ping ____.__________ EPA
Tidal data ___________ NOS
Water quality—
digital data _________ EPA
Great Lakes _________ NOS
Hydrographic surveys ___NOS
USGS
Nautical charts __________ NOS
USCE

Navigable waterways

maps USCE
River and stream surveys _ MRC

NoOS
USCE
UsGSs

USCE

NOS
USGS

NOS
USGS

NOS
DRBC

EPA

BLM
USGS

EPA
NOS

EPA
NOS
NOS
USGS

NOS
USCE

USCE
MRC

Producing
Products agency
Hydrographic charts and
bathymetric maps—con-
tinued
River basin/watershed
studies ERC
SCS
USGS
River surveys ___________ BR
USGS
Wildlife and seenic river
jurisdietion ___________ BLM
Hydrologic investigation
atlases USGS
Indian reservations
land surveys ._____________ BIA
United States map of
Indian lands _____________ BIA
Land plats BLM
BLM
NPS
USCE
National Atlas of the
United States _____________ USGS
Photographic products
Aerial photographs _________ ASCS
BLM
BLM
BPA
DIA
NASA
FHWA
FS
FS
FWS
FWS
NOS
NPS
SCs
USCE
USFS
USGS
Orthophotomaps ____________ BIA
NOS
USGS
Space imagery
Landsat (ERTS) __.______ NASA
NASA manned spacecraft - NASA
Nimbus NwWS
Skylab _. ________________ NASA
Tiros NWS
Recreation maps _____________ BLM
BOR
Seismicity maps and charts _ERL
USGS
Soils SCS
Soils—substation quality _____ BPA
Topographiec maps ___________ MRC
NASA
USGS

Utilities maps
Ground conductivity map
of the United States _.__ FCC

Available
from

ERC
SCS
USGS

USGS

BLM
UsGS

GPO

GPO
BLM
NA
NPS
USCE

USGS

ASCS
BLM
EDC
BPA
DIA
EDC
FHWA
EDC
NcCIC
EDC
NCIC
NOS
NPS
SCS
USCE
USFS
NCIC/EDC
BIA
NOS
USGS

ASCS, EDC,
EDS.

EDC

NWS
ASCS, EDC.
NWS

BLM

BOR

ERL

USGS

5CS

BPA

MRC

NASA
USGS

GPO
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Producing Available
Products agency from
Utilities maps—continued
Major natural-gas-pipelines
map of the United States - ERC GPO
Principal electrie-facilities
map of the United States - ERC GPO
Principal natural-gas-pipe-
lines map of the United
States ERC GPO
Water resources development
data USGS USGS
Miscellaneous data
Clinometric (slope) maps ____ USGS UsGSs
Gravity survey charts ... EDS EDS
NOS NOS
USGS USGS
Income distribution maps ___BC GPO
Isogonic charts _ .o _____ USGS USGS
Isomagnetic charts ... NOS NOS
Magnetic charts . EDS EDS
National science trail
maps scs SCs
State indexes of fish hatch-
eries and national
wildlife refuges ____.__..._ FWS FWs
Storm evacuation maps __..NOS NOSs
Tree danger (to power lines)
detection map —_____._____ BPA BPA

U.8. location map of fish
hatcheries and national
wildlife refuges __________ FWS FWS

DISTRIBUTION POINTS

The following offices can provide maps, charts, and
cartographic data. Catalogs, ordering instructions,
and order forms are usually provided free on request.
Photocopies of published, but out-of-print, Federal
maps can be obtained from the Geography and Map
Division of The Library of Congress, 845 S. Picket
Street, Alexandria, Virginia 22034.

Agriculture Stabilization and Conservation Service
Aerial Photography Field Office
Agricultural Stabilization and Conservation Service
(2222 West, 2300 South)
Box 30010
Salt Lake City, Utah 84109
Telephone: 801-524-5856

Bonneville Power Administration
Bonneville Power Administration
(1002 NE. Holladay Street)
P.0. Box 3621
Portland, Oregon 97208
Telephone: 503-234-3361

Bureau of Indian Affairs
Bureau of Indian Affairs
18th and C Streets, N.W.
Washington, D.C. 20245
Telephone: 202-343-7435

Bureau of Land Management

Alaska
Alaska State Office
Bureau of Land Management
555 Cordova Street
Anchorage, Alaska 99501
Telephone: 907-277-1561

California
California State Office
Bureau of Land Management
E-2841 Federal Office Building
2800 Cottage Way
Sacramento, California 95825
Telephone: 916-484-4724

Eastern States
Eastern States Office
Bureau of Land Management
7981 Eastern Avenue
Silver Spring, Maryland 20910
Telephone: 301-427-7440

Oregon
Oregon State Office
Bureau of Land Management
(729 NE. Oregon Street)
P.0. Box 2965
Portland, Oregon 97208
Telephone: 503-234-4024

Western States
Denver Service Center
Bureau of Land Management
Building 50
Denver Federal Center
Denver, Colorado 80225
Telephone: 303-234-2204

Outer Continental Shelf Offices

Alaska
Alaska Quter Continental Shelf Office
Bureau of Land Management
(800 A Street)
P.0O. Box 1159
Anchorage, Alaska 99510
Telephone: 907-276-2955

Atlantic (exeept Florida)
New York Outer Continental Shelf Office
Bureau of Land Management
Room 32-120
26 Federal Plaza
New York, New York 10007
Telephone: 212-264-2961

Gulf of Mexico and Florida
New Orleans Quter Continental Shelf Office
Bureau of Land Management
841 Hale Boggs Federal Building
500 Camp Street
New Orleans, Louisiana 70180
Telephone: 504-589-6541
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Bureau of Land Management—continued
Outer Continental Shelf Offices——continued

Pacific (excluding Alaska)
Pacific Quter Continental Shelf Office
Bureau of Land Management
Room 7127
300 North Los Angeles Street
Los Angeles, California 90012
Telephone: 213-688-7234

Bureau of Mines
Mine Map Repository
Bureau of Mines
4800 Forbes Avenue
Pittsburgh, Pennsylvania 15213
Telephone: 412-621-4500

Mine Map Repository
Bureau of Mines

Denver Federal Center
Denver, Colorado 80225
Telephone: 303-234-4161

Environmental Affairs Field Office
Bureau of Mines

Wilkes-Barre, Pennsylvania 18701
Telephone: 717-825-6811

Bureau of Outdoor Recreation
Federal Land Acquisition Divigion
Bureau of Outdoor Recreation
4228 Interior Building
18th and C Streets, NW.
Washington, D.C. 20240
Telephone: 202-343-7665

Bureau of Reclamation

Chief, Publications and Photography Branch
General Services Division

Bureau of Reclamation

7442 Interior Building

18th and C Streets, NW.

‘Washington, D.C. 20240

Telephone: 202-343-4683

Bureau of the Census
Users Services Staff
Data Users Services Division
Bureau of the Census
Washington, D.C. 20233
Telephone: 301-763-2400

Delaware River Basin Commission
Executive Director
Delaware River Basin Commission
(25 State Police Drive)
Post Office Box 7360
West Trenton, New Jersey 08628
Telephone: 609-883-9500

Department of State
Office of the Geographer
Bureau of Intelligence and Research
8744 State Department Building
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2201 C Street, NW.
Washington, D.C. 20520
Telephone: 202-632-1428

Energy Regulatory Commission

Office of Public Information
Energy Regulatory Commission
825 North Capitol Street, NE.
Washington, D.C. 20426
Telephone: 202-275-4006

Environmental Protection Agency

Office of Public Awareness
Environmental Protection Agency
401 M Street, SW.

Washington, D.C. 20460
Telephone: 202-755-0715

Federal Highway Administration

Office of Public Affairs

Federal Highway Administration
Room 4208

400 7th Street, SW.

Washington, D.C. 20590
Telephone: 202-426-0677

Aerial Surveys Branch
Highway Design Division
Room 3130A

400 7th Street, SW.
Washington, D.C. 20590
Telephone: 202-426-0296

Federal Insurance Administration

National Flood Insuranece Program

P.0. Box 34294

Bethesda, Maryland 20034

Telephone: 800-424-8872
800--638-6620

Fish and Wildlife Service

Division of Realty

Fish and Wildlife Service
555 Matomic Building
1717 H Street, NW.
Washington, D.C. 20240
Telephone: 202-343-4676

Forest Service

Maps

California
Headquarters, California Region
U.S. Forest Service
630 Sansome Street
San Francisco, California 94111
Telephone: 415-556-7739

Oregon and Washington
Headquarters, Northwest Region
U.S. Forest Service
(319 SW. Pine Street)

P.O. Box 8623
Portland, Oregon 97208
Telephone: 503-221-3614
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Forest Service—continued

Florida, Mississippi, North Carolina, Puerto Rico, and
South Carolina
Headquarters, Southern Region
U.S. Forest Service
1720 Peachtree Road, NW.
Atlanta, Georgia 30309
Telephone: 404-526-3749

Michigan, Minnesota, and Wisconsin
Headquarters, Eastern Region
U.S. Forest Service
710 N. 6th Street
Milwaukee, Wisconsin 53203
Telephone: 414-224-3193

Alaska
Headquarters, Alaska Region
U.S. Forest Service
(Federal Office Building)
P.0O. Box 1628
Juneau, Alaska 99801
Telephone: 907-586--7266

States not listed have no national forest lands within
their coastal zone,

Aerial photographs

U.S. Forest Service

P.0. Box 2417

Washington, D.C. 20013

Telephone: 703-235-8638

Government Printing Office
Assistant Public Printer
(Superintendent of Documents)
U.S. Government Printing Office
N. Capitol and H Streets, NW.
Washington, D.C. 20402
Telephone: 202-275-3345

International Boundary Commission
U.S. Commissioner
International Boundary Commission
United States and Canada
United States Section
Room 150
425 I Street, NW.
Washington, D.C. 20536
Telephone: 202-783-9151

International Boundary and Water Commission
U.S. Commissioner
International Boundary and Water Commission
United States and Mexico
United States Section
(4110 Rio Bravo, Executive Center)
P.0. Box 20003
El Paso, Texas 79998
Telephone: 915-543-7300

Library of Congress
Geography and Map Division
Library of Congress
845 S. Picket Street
Alexandria, Virginia 22304
Telephone: 202-370-1335

Mississippi River Commission
Executive Assistant
Mississippi River Commission
(Mississippi River Commission Building)
P.0. Box 80
Vicksburg, Mississippi 89180
Telephone: 601-636-1811 x-201

National Aeronautics and Space Administration—Contact
the facility office of the installation concerned.

National Archives and Records Service
Cartographic Archives Division
National Archives and Records Service
Archives Building
Pennsylvania Avenue at 8th Street, NW.
Washington, D.C. 20408
Telephone: 202-523-3062

National Oceanic and Atmospheric Administration

Environmental Data Service
National Climatic Center
Environmental Data Service
National Oceanic and Atmospheric Administration
Federal Building
Asheville, North Carolina 28801
Telephone: 704-258-2850

National Oceanographic Data Center
Environmental Data Service

National Oceanic and Atmospheric Administration
3300 Whitehaven Street, NW.

Washington, D.C. 20235

Telephone: 202-655-4000

Environmental Research Laboratories
Environmental Research Laboratories
National Oceanic and Atmospheric Administration
3100 Marine Avenue
Boulder, Colorado 80302
Telephone: 308-499-6212

National Ocean Survey

Aerial photographs and shoreline maps
Coastal Mapping Division, C8415
National Ocean Survey
National Oceanic and Atmospheric Administration
Rockville, Maryland 20852
Telephone: 801-443-8744

Charts
Distribution Division, C—44
National Ocean Survey
National Oceanic and Atmospheric Administration
Riverdale, Maryland 20840
Telephone: 301-436-6990

Chart sales
Room 713, Building 1
Washington Science Center
National Oceanic and Atmospheric Administration
Rockville, Maryland 20840
Telephone: 801-443-8031
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National Oceanic and Atmospheric Administration—

continued
National Ocean Survey—-continued

Chart sales and geodetic data (limited area)

Alaska
Chart Sales and Control Data Office
National Ocean Survey
National Oceanic and Atmospheric Administration
652 6th Avenue
Anchorage, Alaska 99501
Telephone: 907-265-4476

Atlantic and Gulf Coasts
Atlantic Marine Center, CAM02
National Ocean Survey
National Oceanic and Atmospheric Administration
439 W. York Street
Norfolk, Virginia 23510
Telephone: 804-441-6686

Pacific Coast
Pacific Marine Center
National Ocean Survey
National Oceanic and Atmospheric Administration
1801 Fairview Avenue, E,
Seattle, Washington 98102
Telephone: 206-442-7657

Control data
National Geodetic Survey Information Center, C18
National Qcean Survey
National Oceanic and Atmospheric Administration
Rockville, Maryland 20852
Telephone: 301-443-8631

General cartographic information
Physical Science Services Branch, C513
National Qcean Survey
National Qceanic and Atmospheric Administration
Rockville, Maryland 20852
Telephone: 301-443-8031

Tidal data
Oceanographic Division, C33
National Ocean Survey
National QOceanic and Atmospheric Administration
Rockville, Maryland 20852
Telephone: 301-443-8467

National Weather Service

National Climatic Center

National Weather Service

National Oceanie and Atmospheric Administration
Federal Building

Asheville, North Carolina 28801

Telephone: 704-258-2850

National Meteorological Center

National Weather Service

National Oceanic and Atmospheric Administration
5200 Auth Road

Camp Springs, Maryland 20233

Telephone: 301-763-8016

National Park Service
Office of Communications
National Park Service
3043 Interior Building
18th and C Street, NW.
Washington, D.C. 20240
Telephone: 202-343-6843

Soil Conservation Service
Cartographic Staff
Soil Conservation Service
Hyattsville, Maryland 20782
Telephone: 202-447-6923

State Geologic Agencies

Alabama
Geological Survey of Alabama
P.0. Drawer O
University, Alabama 35486
Telephone: 205-349-2852

Alaska
Division of Geological and Geophysical Sciences
Department of Natural Resources
3001 Porcupine Drive
Anchorage, Alaska 99504
Telephone: 927-586-6352

California
Division of Mines and Geology
California Department of Conservation
Room 1341
1416 9th Street
Sacramento, California 95814
Telephone: 916-445-1825

Connecticut
Natural Resource Center
Department of Environmental Protection
553 State Office Building
Hartford, Connecticut 06115
Telephone: 203-566-3540

Delaware
Delaware Geological Survey
University of Delaware
101 Penny Hall
Newark, Delaware 19711
Telephone: 302-738-2833

Florida
Bureau of Geology
Department of Natural Resources
903 W. Tennessee Street
Tallahassee, Florida 32304
Telephone: 904-488-4191

Georgia
Geologic and Water Resources Division
Georgia Department of Natural Resources
19 Martin Luther King, Jr., Drive, SW.
Atlanta, Georgia 30334
Telephone: 404-656-3214
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State Geologie Agencies—continued

Hawaii
Division of Water and Land Development
Department of Land and Natural Resources
P.0. Box 621
Honolulu, Hawaii 96809
Telephone: 808-548-2211

Illinois
Illinois State Geological Survey
Natural Resources Building
6th and Peabody
Urbana, Illinois 61801
Telephone: 217-344-1481

Indiana
Geological Survey
Department of Natural Resources
611 N. Walnut Grove
Bloomington, Indiana 47401
Telephone: 812-337-2862

Louisiana
Louisiana Geological Survey
Box G, University Station
Baton Rouge, Louisiana 70893
Telephone: 504-389-5812

Maine
Maine Geological Survey
Department of Conservation
Ray Building
Augusta, Maine 04330
Telephone: 207-289-2801

Maryland
Maryland Geological Survey
Merryman Hall
Johns Hopkins University
Baltimore, Maryland 21218
Telephone: 301-235-0771

Massachusetts
State Geologist
Room 532
100 Nashua Street
Boston, Massachusetts 02114
Telephone: 617-727-4793

Michigan
Geological Survey Division
Michigan Department of Natural Resources
Box 30028
Lansing, Michigan 48909
Telephone: 517-373-1256

Minnesota
Minnegota Geological Survey
University of Minnesota
1633 BEustis Street
St. Paul, Minnesota 55108
Telephone: 612-878-3372

State Geologic Agencies—continued

New Hampshire
Department of Geology
James Hall
University of New Hampshire
Durham, New Hampshire 03824
Telephone: 603-862-1216

New Jersey
New Jersey Bureau of Geology and Topography
Division of Natural Resources
(709 John Fitch Plaza)
P.O. Box 2809
Trenton, New Jersey 08625
Telephone: 609-292-2576

New York
Geological Survey
New York State Museum and Science Service
973 New York State Education Annex
Albany, New York 12224
Telephone: 518-474-5816

North Carolina
Office of Earth Resources
Department of Natural and Economic Resources
P.0. Box 27687
Raleigh, North Carolina 27611
Telephone: 919-738-3833

Ohio
Division of Geological Survey
Ohio Department of Natural Resources
Fountain Square
Columbus, Ohic 43224
- Telephone: 614-466-5344

Oregon
State Department of Geology and Mineral Industries
1069 State Office Building
Portland, Oregon 97201
Telephone: 508-229-5580

Penngylvania
Bureau of Topographic and Geological Survey
914 Executive House
Harrishurg, Pennsylvania 17101
Telephone: 717-787-2169

South Carolina
Division of Geology
South Carolina State Development Board
Harbison Forest Road
Columbia, South Carolina 29210
Telephone: 803-758-6431

Texas
Bureau of Economic Geology
University of Texas at Austin
University Station, Box X
Austin, Texas 78712
Telephone: 512-471-1534
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State Geologic Agencies—continued
Virginia
Division of Mineral Resources
Department of Conservation and Economic
Development
(Natural Resources Building)
P.0. Box 3667
Charlottesville, Virginia 22903
Telephone: 804-293-5121

Washington
Geologic and Earth Resources Division
Department of Natural Resources
Olympia, Washington 98504
Telephone: 206-753-5327

Wiscongin )
Wisconsin Geological and Natural History Survey
University of Wisconsin
1815 University Avenue
Madison, Wisconsin 53706
Telephone: 608-262-1705

U.S. Army—Contact the commander of the base concerned.

U.S. Air Force~—Contact the information officer of the base
concerned.,

U.8. Corps of Engineers

Minnesota, Wisconsin (Lake Superior), and Michigan
(western half of Upper Peninsula)
U.S. Army Engineer District, St. Paul
1135 U.S. Post Office and Customs House
St. Paul, Minnesota 55101
Telephone: 612-725-7501

Michigan (excluding western half of Upper Peninsu-
la), and Toledo, Ohio, area
U.S. Army Engineer District, Detroit
(477 Michigan Avenue)
P.0. Box 1027
Detroit, Michigan 48231
Telephone: 313-226-6762

Ohio (excluding Toledo area), Pennsylvania, and
western New York
U.8. Army Engineer District, Buffalo
1776 Niagara Street
Buffalo, New York 14207
Telephone: 716-876-5454

Maine, New Hampshire, Massachusetts, Rhode Island,
and Connecticut
U.S8. Army Engineer Division, New England
424 -Trapelo Road
Waltham, Massachusetts 02154
Telephone: 617-894-2400

Long Island, New York City area, and northern New
Jersey
U.S. Army Engineer District, New York
26 Federal Plaza
New York, New York 10007
Telephone: 212-264-0100

U.S. Corps of Engineers—econtinued

Southern New Jersey and Delaware
U.S. Army Engineer District, Philadelphia
U.S. Customs House
2d and Chestnut Street
Philadelphia, Pennsylvania 19106
Telephone: 215-597-4848

Maryland
U.S. Army Engineer District, Baltimore
(31 Hopkins Plaza)
P.0. Box 1715
Baltimore, Maryland 21203
Telephone: 301-962-4545

Virginia
U.S. Army Engineer District, Norfolk
808 Front Street
Norfolk, Virginia 23510
Telephone: 804-446-3500

North Carolina
U.S. Army Engineer District, Wilmington
(308 Federal Building)
P.O. Box 1890
Wilmington, North Carolina 28402
Telephone: 919-763-9971

South Carolina (Savannah River Basin excluded)

U.S. Army Engineer District, Charleston
(Federal Building, 384 Meeting Street)
P.O. Box 919

Charleston, South Carolina 29402
Telephone: 803-577-4171

Georgia and Savannah River Basin of South Carolina

U.S. Army Engineer District, Savannah
(200 E. Saint Julian Street)

P.O. Box 889

Savannah, Georgia 31402

Telephone: 912-233-8822

Florida Peninsula and Puerto Rico
U.S. Army Engineer District, Jacksonville
(400 W. Bay Street)
P.O. Box 4970
Jacksonville, Florida 32201
Telephone: 904-791-2241

Mississippi, Alabama, and Florida Panhandle
U.S. Army Engineer Distriet, Mobile
(109 St. Joseph Street)
P.O. Box 2288
Mobile, Alabama 36628
Telephone: 205-690-2511

Louisiana
U.S. Army Engineer Distriet, New Orleans
(Foot of Prytania Street)
P.0. Box 60267
New Orleans, Louisiana 70160
Telephone: 504-865-1121

Texas
U.S. Army Engineer District, Galveston
(155A Essayons Building)
(400 Barracuda Avenue)
P.0. Box 1229
Galveston, Texas 77550
Telephone: 713-763-1211
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U.S. Corps of Engineers—econtinued U.S. Geologieal Survey—continued

Southern California States west of Mississippi River plus Hawaii, Guam,

U.S. Army Engineer District, Los Angeles
(800 N. Los Angeles Street)

P.O. Box 2711

Los Angeles, California 90053
Telephone: 213-688-5300

Northern and Central California
U.S. Army Engineer District, San Francisco
100 McAllister Street
San Franciseo, California 94102
Telephone: 415-556-3660

Oregon and Columbia River Basin of Washington
U.S. Army Engineer District, Portland
(2850 SE. 82d Avenue)
P.0. Box 2946
Portland, Oregon 97208
Telephone: 503-777-4441

Washington (Columbia River Basin excluded)
U.S. Army Engineer District, Seattle
4735 E. Marginal Way S.
Seattle, Washington 98134
Telephone: 206-764-3690

Alaska
U.S. Army Engineer District, Alaska
(Building 21-700)
(Elmendorf Air Force Base)
P.0. Box 7002
Anchorage, Alaska 99510
Telephone: 907-752-9114

Hawaii, American Samoa, and Guam
U.S. Army Engineer Division, Pacific Ocean
(Building 230)
(Fort Shafter, Hawaii)
APO San Francisco 96558
Telephone: 808-422-2711 or 471-7411

U.S. Coast Guard
Oceanographic Unit
U.8. Coast Guard
Building 159E, Washington Navy Yard Annex
Washington, D.C. 20390
Telephone: 202-426-4630

U.S. Geological Survey
Maps by mail
Alaska

Distribution Section

U.8. Geological Survey
101 12th Avenue
Fairbanks, Alaska 99701
Telephone: 907-456-7535

States east of Mississippi River plus Puerto Rico
Branch of Distribution, Eastern Region
Publications Division
U.8. Geological Survey
1200 South Eads Street
Arlington, Virginia 22202
Telephone: 703-557-2781

and American Samoa
Branch of Distribution, Central Region
Publications Division
U.8. Geological Survey
MS 306, Box 25286
Denver Federal Center
Denver, Colorado 80225
Telephone: 303-234-3832

Maps over-the-counter

Alaska
Public Inquiries Office
Publications Division
U.S. Geological Survey
108 Skyline Building
508 2d Avenue
Anchorage, Alaska 99501
Telephone: 907-277-0577

Alaska (selected)
Public Inquiries Office
Publications Division
U.S. Geological Survey
1012 Federal Building
1961 Stout Street
Denver, Colorado 80202
Telephone: 303-837-4169

Alaska, California, Washington, Oregon, and Hawaii
Public Inquiries Office
Publications Division
U.S. Geological Survey
7638 Federal Building
300 N. Los Angeles Street
Los Angeles, California 90012
Telephone: 213-688-2850

Public Inquiries Office
Publications Division

U.S. Geological Survey

504 Custom House

555 Battery Street

San Francisco, California 94111
Telephone: 415-556-5627

Alaska (selected), Oregon, and Washington
Public Inquiries Office
Publications Division
U.S. Geologieal Survey
678 U.S. Court House
W. 920 Riverside Avenue
Spokane, Washington 99201
Telephone: 509-838-4611 x111

Louisiana and Texas
Public Inquiries Office
Publications Division
U.S. Geological Survey
1C45 Federal Building
1100 Commerce Street
Dallas, Texas 75202
Telephone: 214-749-3230
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U.S. Geological Survey—continued

Entire coastal zone

Public Inquiries Office
Publications Division

U.S. Geological Survey

1028 General Services Building
19th and F Streets, NW.
‘Washington, D.C. 20242
Telephone: 202-343-8073

Public Inquiries Office
Publications Division

U.8. Geological Survey
National Center, Room 1(C402
Reston, Virginia 22092
Telephone: 703-860-6167

Commercial dealers are listed on sales indexes which
can be obtained from any of the above offices.

Photographs and remote sensor imagery
User Serviees Unit

EROS Data Center

U.S. Geological Survey

Sioux Falls, South Dakota 57198
Telephone: 605-594-6511

Maps, aerial photographs, and control data
Alaska and Texas

National Cartographic Information Center

Rocky Mountain Mapping Center

MS 510, Box 25046

Denver Federal Center

Denver, Colorado 80225

Telephone: 303-234-2326

U.S. Geological Survey—continued

Atlantic Coast States plus Alabama, Indiana, Pennsyl-
vania, Ohio, Puerto Rico, and the Virgin Islands

National Cartographic Information Center

Eastern Mapping Center

U.S. Geological Survey

MS 536, National Center

Reston, Virginia 22092

Telephone: 703-860-6316

Illinois, Louisiana, Michigan, Minnesota, Mississippi,
and Wisconsin
National Cartographie Information Center
Mid-Continent Mapping Center
U.8. Geological Survey
1400 Independence Road
Rolla, Missouri 65401
Telephone: 314-364-3680 =x42

Pacific Coast (includes Hawaii, American Samoa, and
Guam)
National Cartographic Information Center
Western Mapping Center
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94075
Telephone: 415-323-2427

All cartographic data

User Services Section

National Cartographic Information Center
U.S. Geological Survey

MS 507, National Center

(12201 Sunrise Valley Drive)

Reston, Virginia 22092

Telephone: 703-860-6045

U.S. Navy and Marines Corps—Contact the commander

of the base concerned.



TECHNICAL INFORMATION

DATUMS

A datum is any numerical or geometrical quantity
or set of quantities that serves as a reference or
base for other quantities. In surveying, mapping,
and charting, datums are essential for correlation
of measurements and for determining and portray-
ing relative positions and elevations (or other char-
acteristics) of points at different locations.

The two basic types of survey datums are hori-
zontal and vertical. A datum is defined by quantities
(for example, position, elevation, direction, a refer-
ence surface) at an initial point from which measure-
ments are made to other points. The reference
surface, particularly for the horizontal datum,
usually is not the physical surface of the Earth but
some easily defined mathematical surface such as an
ellipsoid.

HORIZONTAL DATUMS

A horizontal datum is defined by five quantities:
the latitude and longitude of an initial point; the
azimuth of a line from that point; and two constants
that define the reference ellipsoid most nearly ap-
proximating the Earth in the area of interest. In the
conterminous United States and Alaska, the current
horizontal datum is the North American Datum
(NAD) of 1927; its reference surface is the Clarke
Spheroid of 1866. The following datums are used
for the State of Hawaii and for the Territories, all
on the Clarke Spheroid of 1866:

Area Datum
Hawali . 01d Hawaiian Datum.
Puerto Rico .- Puerto Rico Datum.
Virgin Islands - ___.. Puerto Rico Datum.
Guam __.._ .. Guam Datum of 1963.

American Samoa Datum of
1962.
Various datums.

American Samoa -
Other Pacific Islands __

From measurements of distances and directions
from the initial (or subsequent) points and subse-
quent computations, positions (latitude, longitude)
and distances can be determined for any number

of other points on the same datum, tying them into
a unified survey.

VERTICAL DATUMS

A vertical datum is the surface fo which heights,
elevations, or depths are referred. It can be a leveling
datum, a tidal datum, a chart datum, or a geodetic
vertical datum.

Tidal datums

The simplest datum is the tidal datum—a base
elevation defined by a certain phase of the tide
(fig. 1) and used as a reference from which local
heights and depths are reckoned. Local datums
should not be extended into adjacent areas where a
different tidal regime may exist. Mean high water,
mean low water, and mean lower low water (fig. 2),
are the tidal datums most significant to mapping
and charting in the coastal zone. Local mean sea
level (that is, mean sea level at a tide station) is
the basic tidal datum for a harmonic analysis of
observations at that station. It does not have a direct
relationship to either charting or mapping. Half-tide
level (fig. 3) is halfway between mean high water
and mean low water and is computed for each tidal
station. However, it also has no direct effect on
mapping and charting. Mean sea level and half-tide
level may be equal or may differ depending on the
tidal characteristics at the specific location.

International Great Lakes Datum

The International Great Lakes Datum (IGLD)
of 1955, established jointly with Canada, is the basic
level datum for charting water depths of the Great
Lakes and connecting waterways. The datum is
used by NOS and the Corps of Engineers in Great
Lakes operations that require a vertical datum. Al-
though some bench marks are common to the IGLD
of 1955 and the National Geodetic Vertical Datum
(NGVD) of 1929, the two datums are not the same
and cannot be converted mathematically.
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Looking down on the north pole of the earth’s figure (central
solid circle). The two solid ellipses represent the tidal force en-
velopes praduced by the moon inthe positions of syzygy (new or
full moon) and quadrature {first or third quarter), respectively;
the dashed ellipse shows the smaller tidal force envelope pro-
duced by the sun.

To Sun

D New Moon

The Phase Inequality; Spring and Neap Tides
The gravitational attractions (and resultant tidal force envelopes) produced
by the moon and sun reinforce each other at times of new and full moon to
increase the range of the tides, and counteract each other at first and third
quarters to reduce the tidal range.

FIGURE 1.—Solar and lunar tide-producing forces.

Chart Datum

The surface to which depths are referred on
bathymetric maps and nautical charts is called a
chart datum. It is a tidal datum in tidal waters,
mean low water in the Atlantic Ocean and the Gulf
of Mexico, and mean lower low water in the Pacific
and Arctic Oceans. Special datums sometimes are
used for a body of coastal water where tidal char-
acteristics are significantly altered by the physiog-
raphy of the basin; each is generally based on a
gelected tidal datum. Chart datums for the Great
Lakes are low lake levels, defined as elevations
referred to the IGLD of 1955 as determined from
water level observations at selected gaging stations.
Sloping datums are necessary for some connecting
waterways because of the natural gradient of the
waterway bed.

Soundings, or measurements of water depth, made
during bathymetric and hydrographic surveys, must
be referred to the appropriate vertical datum. The
preferred datum, especially in hydrographic survey-
ing, is the chart datum. However, because the tide

observations for establishing the datum are made
during the course of the survey and several weeks
are needed to establish the various datums at a
tide station, the hydrographer usually refers his
observations to a temporary sounding datum that
is corrected to the final datum before map or chart
production.

National Geodetic Vertical Datum

The National Geodetic Vertical Datum (NGVD)
of 1929 (formerly called the Sea Level Datum of
1929) covers too large an area to be based on a
single local tidal datum. It is therefore based on, but
not necessarily equal to, mean sea level at 26 tide
stations in the United States and Canada, with the
best fit over a broad area resulting from the 1929
general adjustment of the United States and Cana-
dian leveling networks. The NGVD of 1929 and local
mean sea level cannot be interchanged because their
relationship varies from place to place. All elevations
in the National Vertical Control Network are re-
ferred to the NGVD of 1929, These elevations are
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FIGURE 2.—Tidal datums and their relations to a generalized shore cross section. Figure 4 shows
the tidal heights in relation to a tidal day.

used in topographic mapping, geodesy, engineering
studies, construction work, and similar activities.
The elevations are not applied directly to mapping
boundaries that depend on a tidal datum (in tidal
waters) or on a lake level (in the Great Lakes re-
gion). Both the NGVD of 1929 and the National
Vertical Control Network are used in the contermi-
nous United States and part of Alaska. Other geo-
detic vertical datums are used in Alaska, Puerto
Rico, the Virgin Islands, Hawaii, Guam, other

oceanic islands, and islands fairly near the mainland

that cannot be connected to the NGVD by leveling.
They are based on tidal datums (usually local mean
sea level) where practical.

TIDAL DATUMS AND LOCAL MARINE
BOUNDARIES

The mean high water line forms the boundary
between sovereign and private property in 14 of the
24 States bordering tidal waters. It is shown as the
shoreline on USGS topographic maps and NOS nau-
tical charts. However, publication scales of those

products are generally too small for them to be of
practical benefit to boundary affairs in the coastal
zone. Furthermore, tidal datums at many places
were established for hydrographic surveys and may
not be adequate for precise boundary applications.

In seven of the ten exceptions noted above, the
boundary between sovereign and private property is
the mean low water line. That line is compiled on
NOS nautical charts when scale permits. Except on
the 1:10,000-scale NOS boundary series (app. 7, fig.
22) it is not compiled on most small-scale charts or
on any topographic maps published by USGS.

Anyone concerned with local boundaries based on
tidal datums should assure himself that the maps
and tidal datums he is using, or intends to use, are
adeqate for the purpose. Advice, assistance, and
products can be obtained from:

Oceanographic Division, C-33

National Qcean Survey

National Oceanic and Atmospheric Administration
6001 Executive Boulevard

Rockville, Maryland 20852

Telephone: 301-443-8274
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FIGURE 3.—Interrelations of tidal datums. Mean sea level may coincide with half tide level, but seldom does; the variation
(represented by the dot pattern) is generally about 3 ecm (0.1 ft) and rarely exceeds 6 cm (0.2 ft).

LAKE LEVELS AND RELATED LOCAL
BOUNDARIES

The Great Lakes States have selected several ways
to define the boundary between public trust waters
and private property. Some States use the ordinary
(mean) high water mark, others use a line which
fluctuates with the lake level, and still others use a
specific lake level. Except on Lake Michigan, the
States have proprietary interest in the waters of the
Great Lakes lying between the appropriate State-
private line and the boundary between the United
States and Canada, subject to the interest of the
general public (including Canada and other foreign
nations) in navigation and access. The boundary be-
tween Michigan and Illinois and Wisconsin follows
a large part of the approximate centerline of Lake
Michigan. The States retain the right to control or
limit access to natural resources in and under the
water outside the line chosen to represent the State-
private boundary.

Since there is no measurable rise and fall of tide in
the Great Lakes, it is not relevant to atfempt to
determine the ordinary high water mark by analysis
of water level gage records for diurnal or semi-
diurnal effects.

The height of water levels in the Great Lakes
varies in an irregular and apparently noncyclical
pattern due to meterological conditions (rainfall and
snowfall) in the upper watershed areas. There is no
predictable cycle, but the variation is predominantly
annual. Thus to determine the ordinary high water
mark requires resolution and interpretation of water
level gage recordings over many years.

Advice, assistance, and products relative to the
heights of the water surfaces of the Great Lakes
can be obtained from:

Tides and Water Levels Branch

National Ocean Survey

National Oceanic and Atmospheric Administration
6001 Executive Boulevard

Rockville, Maryland 20852
Telephone: 301-443-8441
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CONTROL SURVEYS

Control, in general, consists of coordinated and
correlated elevation or position data that form a
framework to which detailed surveys are adjusted.
Basic control is horizontal, vertical, or both, and is
usually established with greater precision and ac-
curacy than subsequent dependent surveys. Both
horizontal and vertical control are fundamental to
mapping and charting. Except for operations direct-
ly referenced to tidal datums, both horizontal and
vertical control for coastal mapping must be estab-
lished by geodetic methods.

The two basic geodetic control networks in the
United States are the National Horizontal Control
Network and the National Vertical Control Network
established and maintained by the National Geodetic
Survey, NOS. Other Federal agencies such as USGS,
Bureau of Reclamation, and U.S. Army Corps of En-
gineers (USCE), as well as many State agencies,
establish geodetic control. For surveys of second
or higher order accuracy, the instruments, methods,
and techniques must meet the criteria set by NGS,
and the records and observations acquired by the
establishing agency are accepted by NGS and ad-
justed to the national network. The National Hori-
zontal Control Network covers the conterminous
United States and Alaska; independent networks
cover Hawaii and the oceanic islands. The National
Vertical Control Network covers the conterminous
United States and part of Alaska; independent net-
works cover the rest of Alaska, Hawaii, and the
oceanic islands.

HORIZONTAL CONTROL

Horizontal control makes it possible for cartog-
raphers to orient and scale their maps accurately,
to position them properly on the Earth, and to com-
pile details in correct positions and relations. The
network maintained by NGS usually provides con-
trol sufficient for mapping and charting. The few
gaps in the basic schemes can normally be bridged
with modern photogrammetrie techniques to avoid
the expense of field geodetic surveys.

VERTICAL CONTROL
The first operational use of vertical control for
coastal mapping is in photogrammetric aerotriangu-
lation—a phase that does not necessarily require a
vertical geodetic datum. Planimetric mapping can

proceed with reference only to the horizontal geo-
detic datum. However, if relief is to be shown on
the maps (that is, topographic maps) then a com-
mon vertical datum must be used. In the contermi-
nous United States, the NGVD of 1929 is the verti-
cal datum most suitable for showing relief. Local
datums are used in Hawaii, the Pacific islands,
Puerto Rico, the Virgin Islands, and parts of
Alaska because the NGVD of 1929 does not extend to
them. Each local datum is based on tidal datums
established at selected tide stations and is specified
in the geodetic control data provided for each of
these areas.

OTHER CONTROL

The vertical control of greatest significance to
coastal mapping is provided by tidal observations.
The datum computed from the observation depends
on tidal characteristics (fig. 4). In general, the tide
along the Atlantic Coast is classified as semidiurnal
(two nearly equal high waters and two nearly equal
low waters each day). The elevations of tidal bench
marks refer to mean low water. In addition, data
are provided for mean high water, half tide level,
mean sea level, and mean low water. In the Gulf of
Mexico and the Pacific Ocean the tide is classified
either as diurnal (one high water and one low water
each day) or as mixed. The mixed tide is similar to
the semidiurnal tide except that there is a marked
difference in the height of the two high waters and
(or) in the height of the two low waters each
day (called diurnal inequality).

Tidal bench marks along the Gulf Coast refer
to mean low water and those along the Pacific
Coast refer to mean lower low water. For many tide
stations in the Gulf of Mexico, along the Pacific
Coast, Alaska, Hawaii, and the Pacific islands, data
are also provided for mean higher high water, mean
high water, half tide level, mean sea level, mean low
water, and mean lower low water. Mean sea level
at any point is simply the mean level of the sea at
that point. Technically, it is the arithmetic mean
of hourly water elevations observed over a specific
19-year Metonic cycle (the National Tidal Datum
Epoch). Mean sea level is the primary tidal datum.
All other tidal datums are derived from wvarious
tide stages, but are referenced to mean sea level.
Local mean sea level is not generally valid elsewhere
and should not be confused with the NGVD of 1929
which is an average of numerous local stations.
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MAP PROJECTIONS AND GRID SYSTEMS

Most maps are printed on paper or other flat
surface. Since the Earth is nearly spherical, it is
impossible to represent its features on a plane with-
out introducing distortions. The method by which
the information is transferred determines the na-
ture of the map projection, which is geometrically
defined on the map by the graticule, representing
parallels of latitude and meridians of longitude.

The Greek astronomer, Hipparchus, is credited
with superimposing on the Earth the system of
parallels and meridians to provide the means by
which the locations of features can be stated unique-
ly. Since only one meridian and one parallel can be
drawn through a given point, the intersection of a
meridian and a parallel defines a single location.
When meridians and parallels are represented on
a flat surface by means of a projection, points on
the Earth can be represented uniquely on that
surface to form a map.

PROPERTIES OF PROJECTIONS

All maps contain distortions inherent in their
particular projections. These distortions affect the
portrayal of area, shape, direction, and distance.
Projections can be selected to eliminate or minimize
one or more of the distortions at the expense of
others, or to partially control several and thereby
minimize the general distortion.

Some projections maintain a constant areal scale.
In simple terms this means that an object, such as a
coin, placed on a map covers the same amount of
geographical area wherever it is placed. Such pro-
jections are termed “equal-area” and are used when
measurements or comparisons of areas are of pri-
mary importance. To achieve equal-area properties
(equivalency) a projection must distort shapes and
angles.

In contrast, a projection that retains shapes and
angles is called conformal and cannot be equal-area.
Conformal projections show small areas, such as
lakes and ponds, with the same shapes as they have
on the globe. To do so, the parallels and meridians
must meet at right angles, and the local scale
around any point must not vary. Most modern
maps, particularly at larger scales, are construected
on conformal projections because of the importance
of true shape and direction.

All projections have lines along which distances
are shown correctly. They are called standard lines
and are usually selected meridians or parallels. Cer-

tain projections show true distances from a selected
point and are termed equidistant.

Most directions between points on the Earth are
correctly shown on all conformal projections, but
the longest distances are less accurately represented.
When exact directions from a specific point are
needed, azimuthal (zenithal) projections are used.

DEVELOPABLE SURFACES

The term projection can be explained by the con-
cept of a point light source shining through a model
of the Earth causing the graticule to cast its shadow
on an object. The object can be any number of
geometric surfaces, but the most commonly used
are the cone and its limiting shapes, the plane
(cone with an altitude of 0 (zero) and an apex of
180°) and the cylinder (cone with an altitude of in-
finity and an apex angle of 0°). Both the cone and
the cylinder can be flattened to a plane without
further distortions and thus are known as develop-
able surfaces.

Conic projections are transferred to an imaginary
cone placed over the Earth, sometimes obliquely
but usually so their axes coincide. The side of the
cone can be tangent to the Earth along a selected
parallel of latitude or can intersect the Earth
along two parallels. Parallels of tangency and se-
cancy are called standard parallels and maintain a
constant scale. Distortions increase away from the
standard parallels.

Azimuthal projections are transferred to a plane
that is intersecting the Earth, tangent to it, or
neither. The perspective center (light source) of
the projection can be at the center of the Earth, on
the surface, somewhere between, or at a point in
space,

Cylindrical projections are transferred to an
imaginary cylinder placed tangent to or intersecting
the Earth. The lines of tangency can be standard
parallels, standard meridians, or any selected great
circle (a circle whose center lies at the center of
the Earth and whose diameter equals that of the
Earth). Lines of intersection (secancy) are
standard lines and need not coincide with lines of
the graticule.

Variations in projections also occur with changes
in the orientation of the developable surface with
respect to the Earth’s axis. The orientation of a
plane can be polar (perpendicular to the axis and
centered at a Pole), equatorial (parallel to the axis
and centered at a point on the Equator), or oblique
(intersecting the axis at an acute angle). Likewise,
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the axis of a cylinder can be coincident with, per-
pendicular to, or oblique from the Earth’s axis.
Generally, a cone’s axis coincides with that of the
Earth.

Another fundamental of projections is the method
of transfer (projection) from the Earth’s surface.
Transfer by extending rays from the perspective
center is a simple geometric projection in which
rays connect the Earth’s surface features to the
projection surface. However, most map projec-
tions are mathematically transformed and are not
defined geometrically. The mathematical transforma-
tion is defined to provide the specific property
sought, such as conformality or equivalency.

Thus, a given projection involves three basic
considerations, (1) selection of a developable sur-
face, (2) orientation of the surface to the Earth’s
axis, and (8) a transformation (usually mathemati-
cal) by which the Earth’s surface features are
transferred to the projection surface. The projection
surface is then developed into a plane, resulting in
a map with defined geometric characteristies.

COMMONLY USED PROJECTIONS

Map projections are too numerous to give descrip-
tions of all of them here. Therefore, only a few of
the projections more commonly used by engineers
are discussed. Many other projections are available
for particular uses, especially in small-scale map-
ping. A number are described by Dietz and Adams
(1944).

Lambert Conformal Conic Projection

The Lambert conformal conic projection was de-
vised in 1772 by Johann Heinrich Lambert. It as-
sumes a cone intersecting (secant to) the Earth
along two standard parallels (fig. 5) passing through
the mapped area. The axis of the cone coincides with
the Earth’s axis.

Scale is correct along both standard parallels, too
small between them, and too large beyond them. The
distortions grow as one moves away from the
standard parallels. Because scale is correct along
two parallels, the Lambert projection is often pre-
ferred to the simple conic projection with only one
standard parallel.

Because of the north-south distortions, this pro-
jection is most suitable for mapping areas that
are elongated east-west. It is used for the 1:1,000,-
000-scale world aeronautieal charts, the 1:500,000-
scale sectional aeronautical charts, the 1:500,000-

FIGURE 5.—Lambert conformal conic projection; a secant
cone having two standard parallels, lines AEB and CFD.
Line EF is the central meridian.

scale State base maps, and the 1:24,000-scale
7.5-min topographic quadrangles that lie in zones
where the Lambert projection is the base for the
State plane coordinate system.

Polyconic Projection

The polyconic projection (fig. 6) was devised by
Ferdinand Hassler, the first superintendent of the
U.S. Coast Survey (later U.S. Coast and Geodetic
Survey, now NOS). It projects the Earth’s surface
on a series of cones, each tangent to the Earth along
a different selected parallel of latitude. Scale is cor-
rect along each standard parallel and along the
central meridian, but not elsewhere.

The principal virtue of the polyconic projection is
that it is easy to construct and plot by hand on map
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FIGURE 6—Polyconic projection uses a series of cones on
identical axes. Line AB is the standard parallel for the
largest cone shown; dashed lines parallel to AB are stand-
ard parallels for other cones,

base sheets. Also, it minimizes the effects of all
distortions over a limited area. For this reason it
is suitable for large-scale sectional maps such as
quadrangle maps. Because of the small distortion of
polyconic projections, the State plane coordinate

grids can be superimposed on them without signifi-
cant error. Although it has minimal distortion over
small areas, the polyconic projection is neither con-
formal nor equal-area.

The polyconic projection was widely used as the
standard for medium- and large-scale maps of the
United States. USGS used the projection for quad-
rangle maps until the 1950’s when rectangular co-
ordinate plotters were adopted for plotting base
sheets.

Mercator Projection

The Mercator projection takes its name from the
Latin surname of Gerhard Kramer, who devised it.
The projection first appeared in 1569 when Mercator
published a map of the world.

The Earth’s surface is projected on a cylinder
tangent at the Equator or secant along two parallels
with its axis coincident with the Earth’s axis (fig.
7), then the cylinder is cut and unrolled to a flat
surface.

The Mercator projection is conformal. All meri-
dians are straight parallel lines uniformly spaced.
Lines of latitude are also straight and parallel and
are perpendicular to the meridians, but are not uni-
formly spaced. Scale is correct at the Equator, but
increases rapidly with latitude.

The original Mercator map became the prototype
for nautical charts. The projection is particularly

FIGURE 7.—Mercator projection using a cylinder tangent
at the Equator, line AB.
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PIGURE 8.—Transverse Mercator projection using a
cylinder tangent at a standard meridian, line AB.

suitable for navigation because lines of fixed azi-
muth (rhumb lines) form straight lines. Most of the
nautical charts issued by NOS are on the Mercator
projection.

Transverse Mercator Projection

The transverse Mercator projection (fig. 8), orig-
inally devised by Lambert, is essentially the stand-
ard Mercator rotated through 90°. However, its
appearance, characteristics, and use are quite dif-
ferent. The curved surface of the Earth is projected
to a cylinder that is tangent along a central meridian
or usually secant along small circles parallel to and
equidistant from the central meridian. The cylinder
is then cut and unrolled to a plane, '

Seale is correct along the central meridian when
a tangent eylinder is used, but increases rapidly east
or west. Except for the central meridian, all meri-
dians and parallels are curved lines. Because the
greatest distortions increase to the east and west,
the projection is suitable for mapping areas that are
elongated north-south.

The transverse Mercator projection is used for
large-scale mapping throughout the world (in Europe
it is sometimes called the Gauss-Kruger projection).
Many USGS 7.5-min quadrangle maps are cast on it.
A special use of this projection is as the basis for
the Universal Transverse Mercator (UTM) grid,
discussed later.

Combination Projections

When the size or shape of an area is not ideally
suited to the characteristics of a particular projec-

tion that might otherwise be desirable, the area can
be divided into sections or zones, each to be mapped
on its own projection, If an area is too large to be
mapped on a single sheet at the desired scale, the
projection can be designed for the entire area or
zone, and each sheet mapped as part of the compre-
hensive projection.

GRID SYSTEMS

It is difficult to measure the relations between
points referenced to the graticule because on most
projections parallels or meridians are curved. Run-
ning plane land surveys with geographic coordinates
would require complex computations. Using plane
rectangular grids alleviates the probem.

Plane rectangular grids are constructed as two
sets of straight parallel lines that intersect each
other at right angles to form squares. A grid is
superimposed on the graticule of a projection in
such a way that there is a precise mathematical re-
lationship between the grid lines and the graticule.
Then every grid intersection has a unique relation-
ship to every graticule intersection, and every point
on the map (or on the Earth) has a unique latitude
and longitude plus a unique location expressed in
values of x and y on the selected grid. Thus, coordi-
nates and other relations in one system can be easily
converted mathematically to the other. Grid systems
greatly simplify the use of maps and reduce com-
putations of distances, directions, coordinates, and
areas to the realm of plane trigonometry. Neverthe-
less, the grids are subject to the same distortions as
projections.

State Plane Coordinate Systems

Most modern large-scale maps show the State
plane coordinate grid in addition to the graticule.
There is a plane coordinate system for each of the
50 States and for the oceanic islands. All the systems
are presently expressed in feet, except the metric
grid for Guam. However, USGS maps of Puerto Rico
show plane coordinates in meters. NOS publishes
tables for converting positions between geographic
and plane coordinates for the 50 States plus Puerto
Rico and the Virgin Islands, but not Guam.

Zones in which the longer dimension is north-
south have a grid based on the transverse Mercator
projection. Those in which the longer dimension is
east-west have a grid based on the Lambert con-
formal conic projection. Table 2 lists the zones and
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TABLE 2.—Plane coordinate systems in coastal States

State and Zone Grid State and Zone Grid
Alabama Michigan *
East _ _ Tr. Merc. North __.___________ Lambert
West —— Tr. Mere. Central _____ Lambert
Alaska jSouth ________ Lambert
Zone 1____________. Oblique Merc. Minnesota
Zone 2. __________ Tr. Mere. North _ . __________ Lambert
Zone 3. e I - Tr. Me;rc' Central Lambert
Zone 4 _____ - Tr. Mere. South __.._____. Lambert
Zone b - Tr. Mere. Mississippi
Zone 6.____ Tr. Merc. East . Tr. Mere.
Zone T. - - Tr. Merc. West oo Tr. Mere.
Z 8o Tr. Mere. .
Zgz: 9 T;‘. Mere. New Hampshire ___ Tr. Merec.
Zone 10 Lambert New Jersey e Tr. Mere.
California New York
Zone Yoo oo oo Lambert Long Island ____ — Lambert
Zone 2. ____ . Lambert East ________ Tr. Mere.
Zone 8o Lambert Central ____ Tr. Mere.
Zone 4 _____________ .. Lambert West _._ Tr. Mere.
Zone 5 Lambert North Carolina Lambert
Zone 6. Lambert Ohio
_____________ L t
Zone 7 amber North _ Lambert
Connecticut _________ . _______ . Lambert South .. __ Lambert
Delaware ____ Tr. Merc. Oregon
. North Lambert
Florida
East oo Tr. Merec. South ________ Lambert
West . Tr. Mere. Pennsylvania
North ___.__._ Lambert North _..____ Lambert
Georgia South __ Lambert
East ____.___ Tr. Merc. Rhode Island _.. Tr. Mere.
West . Tr. Mere. South Carolina
Hawaii North Lambert
Zone 1 e Tr. Mere. South ____ Lambert
Zone 2 Tr. Mere. Texas
Zone 8. o _________. Tr. Mere. North ____ . Lambert
Zone 4._____ Tr. ﬁerc. North Central ___ Lambert
Zone S Tr. Mere. Central Lambert
Illinois South Central ___ - Lambert
Bast Tr. Mere. South Lambert
West - Tr. Merc. Virginia
Indiana North Lambert
East Tr. Mere. South ___..__ : Lambert
West . _______ Tr. Mere. Washington
Louisiana North Lambert
North _ ——e Lambert South _. Lambert
South .. Lambert Wisconsin
Maine North _. Lambert
East . Tr. Merec. Central __.___ Lambert
West Tr. Mere. South ___. Lambert
Maryland Lambert
Massachusetts 1 Coordinates in Michigan are also referenced to the transverse

enl Lambert Mercator projection with east, central, and west zones, but this system
Mainland ambe will be dropped with adoption of the North American Datum of 1983
Island Lambert in favor of the State-legislated Lambert system.
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projections for coastal States. Most zones within a
single State are based on the same projection, but
Alaska, Florida, and New York have zones on both
projections. Alaska has 10 zones: zone 1 in south-
east Alaska is on an oblique Mercator projection;
zone 2 through 9 are on the transverse Mercator
projection ; and zone 10 in the Aleutian Islands is on
the Lambert projection.

Universal Transverse Mereator Grid

The Universal Transverse Mercator (UTM)
grid is designed for world use between 84° N. and
80° S. The area bounded by these latitudes is
divided into 60 zones running north-south, each 6°
wide and bounded by meridians that are multiples
of 6°. Each zone is projected on the transverse
Mercator projection and has a central meridian that
is an odd multiple of 8°. The zones are numbered
consecutively, starting with zone 1 between 180°
and 174° W. and increasing eastward to zone 60
between 174° and 180° E.

Using the intersection of a central meridian
and the Equator as an origin or starting point, a
location can be given by stating its linear distance
north or south of the Equator and east or west of
the central meridian of the zone, However, this
would require the use of north or south and east or
west or the use of plus and minus values to identify
the location relative to the origin. This inconvenience
has been diminished by assigning to the origin
numerical values that keep the coordinate values
positive for all points within a zone.

The value of 500,000 m east is assigned to the
central meridian to avoid negative numbers at the
west or the use of plus or minus values to identify
as false eastings and increase numerically from
west to east. For north-south values in the Northern
Hemisphere the Equator is designated zero m
north and northings increase numerically toward
the North Pole. In the Southern Hemisphere the
Equator is designated 10,000,000 m north and the
northings decrease toward the South Pole. These
are known as false northings. (For more informa-
tion on the UTM grid see Raisz, 1962, and Robin-
son and Sale, 1969.)

REMOTE SENSING

Remote sensing is the science of gathering in-
formation from a distance. In practice, remote
sensing uses cameras and other information-gather-
ing devices carried by aircraft and spacecraft to

observe conditions on the surface of the Earth, in
the atmosphere, and on other planets. Remote sens-
ing is used principally to detect and record energy
(emitted or reflected radiation) in a selected portion
of the electromagnetic spectrum (fig. 9).

Remote sensors operating in the electromagnetic
spectrum are either passive or active. Passive sys-
tems record the natural level of radiation; active
systems utilize artificial energy sources such as
radar pulses and laser beams.

Photographic cameras operate in the visible, in-
frared, and ultraviolet portion of the spectrum.
Black-and-white panchromatic film is the most
economical and most commonly used. Color film
increases the value of photography for the identifi-
cation of features such as rocks and soils, vegeta-
tion, surface water conditions, and building materi-
als in houses, roads, and other structures. Infra-
red films respond to wavelengths up to about 900
nm. Exposure is made through a yellow filter that
blocks the passage of blue light and admits green,
red, and infrared light. One kind of infrared film
produces a black-and-white image. A second type,
color infrared, records in colors that are not true
to nature but are designed to make it easier to
distinguish conditions of vegetation. Originally de-
veloped for camouflage detection, color infrared
film records infrared energy representative of live
vegetation, enhancing the contrast between it and
dead vegetation. Leaves of healthy plants generally
have high reflectance in the infrared; the amount
of reflectance varies with leaf structure and ge-
ometry and with plant vitality and chlorophyll

level. Thus, variations of red on color infrared

prints may indicate the presence of different species,
and the diminuation or absence of red in certain
members of a single planting is likely to indicate
diseased or dead plants.

Optical-mechanical scanning radiometers, or scan-
ners, operate in the ultraviolet, visible, infrared,
and microwave energy regions. Unlike cameras
that record all parts of a scene simultaneously,
scanners sense one spot at a time, covering the
surface by sweeping their view from side to side
as the aircraft proceeds. This is accomplished with
a rotating or oscillating mirror. The incoming radia-
tion is focused on a detector, which translates its
intensity into a corresponding electrical signal.
The signal may be used to activate a cathode-ray
tube that reconstructs the scene line by line in the
manner of a television set, and the resulting pic-
ture can then be photographed. Alternatively, the
signal may be used to energize a glow tube that ex-



PHOTOGRAMMETRIC MAPPING TECHNIQUES

41

& & &
Y & L WV 3 A0
\'b d & ) A ) (3 3 )
& “'5\ \'b* @ ) .@0\\0 ‘6\ ,bbo o(\b. éoi‘ \QA\ 6\0
& a3 o ¥ TS N N ° 4
cm oM 10 107 108 107 1067 105 104 10% 102 10! 1 10102 103  10% 105 cm
2
A
A, l 7
————— e . ~
Wavelength P ~ / \
P ~ \
A ~./
~ P / | ~ \
~ / / | 7~
- s / N \
- S I / ~
~ P / ~ \
P y / l / ~
~
- s / I / ~. |
// e / ] / ~ |
- s / | / ~
e -7 -~ | AN
04705 06 o0z” 08 09 L0 1) pum High Tem Normal Temperatures |
UV | VISIBLE |[REFLECTED INFRARED ~—TFHERMAL INFRARED
e as 5.5 8.0 1 140 m
Panchromatic Film /
{ Air¢graft Thernfal Scanners \\ |
Color Film /
Lblue  green red / \
Aerial \
Mapping Infrared Film /
Camera \
Color Infrared Film / \
L igreen red ) / \
/
Landsat Multispectral Scanner RADAR
L 1 1 1 —|
0.5 140 cm

FIGURE 9.—The electromagnetic spectrum.

poses film directly, or it may be recorded on mag-
netic tape for later processing.

Measuring temperatures and mapping their dis-
tributions are valuable in resource and environ-
ment studies. Infrared scanner imagery can reveal
surface temperatures that indicate volcanic ac-
tivity, burning in abandoned coal mines, diseased
plants, animals obscured by darkness, and heated
buildings. It can reveal surface temperature distri-
butions in water which aids in discovering sources
of water or oil discharge into lakes, rivers, and
oceans. Temperature differences also reveal cur-
rents and show the surface boundaries between
fresh and salt water in bays and estuaries. In-
frared scanners are useful in mapping the distribu-
tion of soil moisture near the surface because
variations of soil temperature are related to varia-
tions of moisture.

Landsat-1 and -2 each carry two sensor systems,
the return beam vidicon (RBV) cameras and the
multispectral scanner (MSS). Each Landsat image
represents a synoptic view of 34,258 km? (13,225
mi?) that permits recognition of some large features

not previously recognized on the ground or on low-
altitude photographs. Landsat repeats each orbit
every 18 days. The repetitive coverage provides in-
formation for land use planning and makes it pos-
sible to monitor crop production, rangeland condi-
tions, snow cover, floods, and many other dynamic
phenomena. The Landsat imagery is obtained in
spectral bands (RBYV, three bands ; MSS, four bands)
from which the data may be used alone or in com-
bination. Color infrared imagery (app. 7, fig. 1) en-
hances the identification of special features such as
vegetation in vigorous growth, water, and certain
kinds of pollution.

PHOTOGRAMMETRIC MAPPING
TECHNIQUES

Photogrammetry is the science or art of making
accurate measurements by means of photography.
Today maps are produced largely from aerial photo-
graphs with a minimum of fieldwork.

Modern mapping procedures rely almost ex-
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clusively on photogrammetry for preparation and
processing of basic data. Instruments and opera-
tional phases vary among agencies and with appli-
cations, but basic procedures do not differ signifi-
cantly. Costs increase rapidly when extensive
fieldwork is required. Recent developments in
instruments, materials, and methods have elimi-
nated or rescheduled fieldwork, saving much time
and money.
The basic operational phases are:

Field completion.
Final drafting and review.
Reproduetion.

¢ Project planning,

¢ Ground control.

e Aerial photography.
e Aecrotriangulation.
¢ Compilation.

[ ]

[ ]

[ ]

The order of phases may be altered, or two or
more may be combined. Each phase is discussed
briefly below. Consult references in the bibliography
for technical details.

PROJECT PLANNING

The first step in planning a mapping project is
to define the boundaries. The entire coastal zone
of a State may be too large to cover in one project.
As a general rule mapping projects should be kept
to a managable size. Senior managers may define the
area, or it may be dictated by legislation. In either
case, qualified mapping personnel should assist in
the decisionmaking.

Detailed technical planning can begin after map-
ping limits have been determined. The planning
should be assigned to qualified personnel within
the organization, or arrangements should be made
to obtain their services from outside.

Whether a mapping project is done in-house or
under contract, managers will be faced with many
of the same problems. Managers without a mapping
department will have the most difficult decisions.
Some of the decisions will concern (1) publication
scale, map size, and paper size, (2) method of
aerotriangulation, (3) method and scale of compi-
lation, (4) contour interval (if relief is to be com-
piled), (5) evaluation of established control, (6)
photography (camera, filter, emulsion, and scale of
photographs), and (7) operational schedules.

A project diagram is prepared, showing map
limits and horizontal and vertical control stations.
After photographs are acquired, the center of each
is marked on the diagram. Specific instructions for

both field and office operations are prepared either
as a part of planning or immediately before assign-
ment of each operation.

GROUND CONTROL

Photogrammetric mapping requires adequate
ground control to show map features in the correct
relationship to each other and to the Earth’s surface.
Both horizontal and vertical control are needed,
horizontal to establish correct scale, position, and
orientation, and vertical to establish the level datum.

It is frequently difficult to evaluate established
control because adequate and current information is
lacking, However, extra effort in using established
control may result in significant cost reduction and
improved scheduling by reducing or avoiding field-
work for supplemental control. In addition to pro-
viding published control data, NGS may be able to
supply advance information about data being pre-
pared for publication.

Adequate horizontal control is essential in prepar-
ing coastal maps that meet established accuracy
standards. In most areas, the established network
with the addition of a minimum of supplemental
control will be adequate for modern techniques. The
network meets all requirements in a few areas, but
in others attrition of monuments from the network
(from destruction or obliteration) may be serious
enough to require extensive supplemental control.

To prevent excessive costs, qualified personnel
should analyze and monitor requirements for hori-
zontal control. The aerotriangulation method sig-
nificantly affects the amount of required control
and mapping costs.

Horizontal control points are often paneled or
targeted in the field before mapping photographs
are taken. Paneling consists in fastening three or
four strips of cloth or plastic to the ground to form
a pattern identifying the exact location of the con-
trol monument (or some other precisely surveyed
nearby point that is visible from the air). The color
of the marking material should provide good con-
trast with the ground.

The spacing of horizontal control points depends
on the required accuracy and limitations of the
photogrammetric method. For example, in 7.5-min
topographic quadrangle mapping, horizontal control
stations are established at 7.5-min spacing on the
perimeter of the project. Horizontal control within
the project area is established by aerotriangulation.

Similarly, vertical control is needed for correct
plotting of contours. Therefore, the elevations of



PHOTOGRAMMETRIC MAPPING TECHNIQUES 43

selected points must be determined in the field. As
a rule, more vertical stations are required than
horizontal stations. Vertical control is a major ex-
pense in topographic mapping because of the amount
needed. A minimum of four vertical control points,
which need not be (and seldom are) monumented
control stations are needed for each stereomodel.
Many are image points whose positions and eleva-
tions have been determined by photogrammetric
methods: the important requirement is photoiden-
tifiability—examples are road intersections and
fence corners. Therefore, one of the major field
operations is establishing elevations (often by plane-
table and alidade).

Vertical control for routine preparation of base
maps, excluding mapping of most features below
the chart datum, usually can be obtained from tidal
data and from available topographic maps.

AERIAL PHOTOGRAPHY

Acquisition of aerial photographs for coastal map-
ping is perhaps the easiest and least expensive phase
of mapping. Mapping quality, that is, clarity, ac-
curacy, and stability sufficient for distance measure-
ment, is the chief requisite of aerial photographs
intended for aerotriangulation and basic compilation.
Information such as thermal infrared data can be
obtained only from instruments that do not have the
necessary metric quality. Thermal information can,
if needed, be added to manuscripts after proper
processing despite the lack of metric quality. Optical
systems of most modern mapping cameras, with
appropriate filters and films, can yield photographs
of the required quality provided that the exposed
film and subsequent photographic products are proc-
essed properly.

Aerial photographs already available are often
unsuitable for actual mapping for various reasons.
For example, they may be outdated, at the wrong
scale, or unsuitably spaced or oriented. Also, the
photographs may have been taken with the tide at
the wrong stage. '

Planning for aerial photography is based on the
project specifications plus the following considera-
tions:

e Season of the year, affecting:
a. Sun angle (shadows, reflections, glare).
b. Ground cover (snow, leaves, crops, floods).
¢. Local weather conditions.

o Type of photography (orientation, focal length,
format, emulsion).

¢ Direction of flights (for most efficient coverage).

o Flight height:

a. Capabilities of stereoplotter;
stereomodel seale.

b. Contour interval ; C-factor of the stereoscopic
instrument system.

¢. Visibility and interpretability of planimetric
detail.

Number and spacing of flight lines; width-height
ratio.

Spacing of photographs along flight lines; base-
height ratio.

Federal Aviation Administration regulations gov-
erning flight operations in Federally controlled
and special-use airspace.

A flight plan is plotted on the best available map

of the area, showing the centerline of each flight.

Photographs are taken with modern mapping

cameras (fig. 10), on panchromatie, black-and-white

infrared, natural color, and color infrared films.

Panchromatic emulsions are the original and most
popular emulsions because they are lowest in cost
and easy to use. Disadvantages result from the ren-
dition of all images in shades of gray. Fieldwork is
needed to resolve discrepancies.

relation to

FIGURE 10.—Typical aerial mapping cameras, the Wild RC
10 and RC 8, mounted in an aircraft.
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Natural color aerial film was not readily available
until the 1960’s. Natural color emulsions record
images of objects in fairly natural hues, tints, and
tones insofar as these qualities are not altered by
atmospheric filtering. Reliability and speed of photo-
interpretation essential to photogrammetric mapping
can be greatly improved by using color emulsions.
However, at higher flight altitudes, which vary with
location, color contrast is reduced to a monotone tint
because of atmospheric effects.

Black-and-white infrared film has a special pan-
chromatic emulsion with response into the near
infrared. The film is normally exposed through a
filter that blocks visible light. Spectral response is
thus rather narrow, about 740-900 nm in the near
infrared region. The film is valuable in mapping
because it records the land-water relationship aec-
curately and sharply. It is not sensitive to long in-
frared waves and therefore does not record thermal
or heat energy.

Color infrared film (sometimes -called “false
color”) is a relative newcomer to aerial photography.
The three sensitized layers of the emulsion respond
to green, red, and near-infrared wavelengths. The
film must be exposed through a filter such as the
Wratten 12 to stop the blue light to which all three
layers are sensitive. When the emulsion is properly
exposed and processed, infrared-reflective objects,
such as healthy trees, appear bright red, hence the
use of the term ‘“false color.” The sharp contrasts
between various types of features make color in-
frared film of special value in coastal mapping.

Photographs are taken within a specified time,

with weather largely determining the actual flight

times. The exposed film is developed preferably in a
modern automatic processor (fig. 11), which permits
exact quality control. After processing, proof prints
are made and stapled together in relative position,
and the composite is examined to determine whether
coverage is complete and has the required overlap.
If the negatives are acceptable, contact prints are
made and each is marked with the date of photog-
raphy, frame number, and project code. An index
photomosaic is prepared to aid subsequent opera-
tions. Sometimes duplicate negatives are made to
preserve the originals as archival material, and
transparent positives are made for checking and
editing.

AEROTRIANGULATION

Aerotriangulation photogrammetrically extends
established control to meet the requirements of a

mapping project. Either horizontal or horizontal
and vertical control can be extended, thereby re-
ducing or eliminating costly field surveys.

Various aerotriangulation methods have been de-
vised since the advent of photogrammetry. Develop-
ment has been successfully directed toward in-
creased accuracy and economy (mainly by reduction
of field control) and capability to extend vertical
control that meets accuracy standards for mapping
and charting. Also, general efficiency increased as
stereoscopic plotting instruments and related sys-
tems were developed and improved. The aerotriangu-
lation methods in use today can be broadly classed
as graphie, analog, and analytical. In actual practice,
methods are combined and modified as needed to
produce results conforming to accuracy require-
ments and available resources.

Graphical aerotriangulation, such as radial line
plotting and using various types of templets, is sel-
dom used now except in emergencies because of in-
efficiency and ‘relatively poor accuracy. A hybrid
type, stereotemplets, can be used effectively because
the unit of measurement is a stereomodel rather
than the single photograph, so that errors due to the
perspective nature of photographs are virtually
eliminated before adjustment in the templet lay-
down. Another advantage of stereotemplets is the
use of simple, relatively inexpensive plotting instru-
ments to prepare the templets (fig. 12). However,
none of the graphical methods can be used to extend
vertical control.

Analog aerotriangulation requires use of some
form of stereoplotting instrument. The simplest
form, now obsolete, is called long-bar bridging be-
cause as many as 20 projectors are successively
oriented to stimulate the flight strip in miniature.
Adjustment of closure errors along the strip and
between strips is by graphical or other approxima-
tion methods, A similar procedure can be used with
a single large and expensive stereoplotter, such as
the Wild Autograph and Zeiss Stereoplanigraph
plotters. In these so-called bridging instruments, the
left and right projectors can be interchanged by
optical switches. The principle is the same as with
long-bar bridging, but the photographs are placed
alternately left and right in the projectors of the
instrument as aerotriangulation proceeds along the
strip.

The results of analog aerotriangulation can be ad-
justed by several methods, including mathematical
computation by automatic data processing, which
effectively produces another hybrid system, semi-
analytical aerotriangulation. In this context, proce-
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FIGURE 1l.—Automatic color film processor for color films, plates, and prints.

dures similar to those used for preparing stereo- coders. In some methods of analog aerotriangulation,
templets can be used to gather digital x, y, and z vertical control can be extended, but not always
axis measurements from individual stereomodels reliably and seldom for control of mapping at small
set up by a stereoplotter equipped with digital en- contour intervals (1, 2, and 5 m).



46 COASTAL MAPPING HANDBOOK

FIGURE 12.—XKelsh stereoplotting instrument, which can be
used for aerotriangulation.

Fully analytical aerotriangulation is currently the
most advanced method for extending control for
mapping, both horizontal and vertical. Except for
identifying and establishing a minimum of field con-
trol, all operations can be completed within the office,
measuring coordinates on photographs with a com-
parator (fiz. 13) and preparing the data for com-
puter analysis. This method, which the celebrated
Otto von Gruber considered merely an academic ex-
ercise in the 1930’s, has become practical and cost
effective with the development of large computers.
Today even small firms can use computer services on

FIGURE 18.—Wild STK stereocomparator, used for accu-
rate coordinate measurement for analytical aerotriangulation.

contract and thereby apply the best methods avail-
able.

MAP COMPILATION

After aerotriangulation, the map manuscripts are
compiled. In compilation, mapworthy details are
transferred from source materials to a specially pre-
pared dimensionally stable manuscript base. Lines
and symbols portray the details on conventional
maps and charts. Orthophotomaps are compiled from
rectified photographs, with selected features en-
hanced by symbols. On topographic maps, relief is
portrayed by contour lines. Features must be gener-
alized on maps because the manuscript area is very
small in relation to the ground area. Selection of
features requires a knowledge of photogrammetry,
the ability to interpret images correctly, and the
ability to draw lines and symbols accurately.

Dimensional stability and suitability of the draw-
ing surface are important factors in selecting a
medium for map manuscripts, now generally poly-
ester sheets with a suitable coating. Variations in
temperature and humidity little affect polyester
bases, eliminating serious cartographic problems.
Manuscript preparation begins with drawing the
geographic graticule on the selected map projection
and the grid lines for a plane coordinate system.
Today, this operation is usually automated to the
extent of using a coordinatograph, or x, y plotter.
Control data are plotted at the same time. The
manuscript may be compiled in ink or pencil.

Map manuscripts are also compiled on stereoscopic
plotting instruments from diapositives, positive
transparent prints on glass plates or film. The in-
struments range from relatively simple types to
complex plotters. Some complex plotters are being
incorporated into automated mapping systems.
When properly used, all are efficient and capable of
producing maps that meet accuracy standards.

In a stereoplotter two overlapping images are
viewed simultaneously to provide a three-dimen-
sional model. The stereoscopic effect is produced
when the operator views the same ground area on
two perspective photos, one with each eye, at the
same time (fig. 14). The different perspective views
result from the progressive movement of the air-
craft between exposure stations.

Although stereocompilers can interpret much of
the map detail from the stereomodel, they need help
in interpreting some features and in distinguishing
between others. Questions always arise, and regard-
less of how expert the compiler may be, errors in



PHOTOGRAMMETRIC MAPPING TECHNIQUES

.
.

o

FIGURE 14.—When viewed stereoscopically this pair of
photographs, A, gives the impression of a three-dimensional
image. B, A simple pocket stereoscope.

47
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interpretation can occur. In addition, changes in fea-
tures, especially cultural features, may have oc-
curred since photography.

Field classification usually is an annotation di-
rectly on the aerial photograph or the photoindex.
Annotations include (1) classifieation of buildings,
(2) classification of roads and trails, (8) delineation
of boundaries, (4) identification of cultural features,
(5) location and labeling of control stations, (6)
delineation of streams and classification as inter-
mittent or perennial, (7) delineation of wetlands, (8)
delineation of U.S. land lines and labeling of town-
ships and sections, (9) classification of sample wood-
land areas, and (10) identification of names. Classi-
fication and various elements of map completion
may occur after compilation of the map manuscript.
However, these surveys are generally limited to
specific problems and questions, not a general review
of the compiled map, so that time and money are
always saved by completing the classification in
advance along with the control.

Stereoplotters are equipped with a reference mark
in the field of view that can be moved in three di-
mensions by the operator. As the reference mark is
moved in contact with the apparent surface of the
stereomodel, a drawing pencil automatically traces
the horizontal motions on the base sheet. Contours
are drawn by moving the reference mark along the
surface of the model at a preset elevation. Plani-
metric features are compiled first, directly on the
base sheet. Other features, such as woodland and
contours, usually are compiled on separate manu-
scripts. Drainage may be compiled with either cul-
ture or contours.

The features compiled directly on the base sheet
are usually scribed stereomodel by stereomodel.
Then, the data are photoprinted onto successive
manuscript sheets to guide the compilation of other
features. Each manuscript is reviewed after com-
pilation to assure compliance with established speci-
fications and standards. Corrections are made after
review,

Compilers record all difficulties encountered dur-
ing compilation. Sometimes they cannot positively
identify the image of an object. Sometimes struc-
tures are only partially complete at the time of
photography. All problem areas are noted on the
copy of the manuscript that is sent to the field for
final inspection.

Photogrammetrie techniques can be used to ac-
quire data vital to coastal management aside from
production of maps and charts. For example, off-
shore activities such as structure location; pipeline

and cable routing ; aquaculture and mariculture de-
sign, location, and operation; and recovery of living
and nonliving marine resources require a knowledge
of water circulation patterns. Lagrangian current
measurements obtained by a photogrammetric cir-
culatory survey made concurrently with and in sup-
port of a Eulerian current survey provides an enor-
mous quantity of data at reasonable cost. Acquisition
of the same data by Eulerian methods exclusively
would be prohibitively expensive and, because of
equipment limitations, impossible in shallow water.
The photogrammetric data can be processed rapidly
for presentation in tabular form or in chart format.

FIELD COMPLETION

As previously noted, efficient production combines
all field surveys into a single pass through the area
to the extent possible, before the map is actually
compiled, If the combined operation is not possible,
field completion or field editing surveys remove de-
ficiencies and resolve discrepancies noted during
compilation. The mapped features are carefully and
methodically compared with ground detail, and hori-
zontal and vertical accuracy tests are applied as re-
quired. The field editor certifies that the map is
correct and complete. After the additions are com-
pleted and verified in the office, the manuscript is
ready for final drafting and review, and copies can
be made for limited distribution and use.

FINAL DRAFTING AND REVIEW

Most maps are produced from either scribed or
inked drawings. Scribing and inking differ in several
ways. Inking forms a positive image and is right-
reading; scribing forms a negative image and is
normally wrong-reading (right and left reversed) so
that positive contact prints are right-reading (fig.
15).

In inking, the features to be shown in a specific
color are drawn in black ink on a nonphotographic
blue guide image of the map detail. In seribing,
plastic sheets coated with photographically opaque
paint are overprinted with the guide image, and the
lines and symbols are cut into the coating with en-
graving tools (see fig. 16). Corrections can easily
be made by covering mistakes with opaquing fluid
and rescribing.

The effect of scribing can also be obtained photo-
mechanically. The scribecoated sheet is photosen-
sitized and contact-printed with a line drawing or
film positive. After exposure, the sheet is developed
with an etching solution to remove the opaque coat-
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FIGURE 15.—Sample of a topographic map showing prolduction orientations. A, Right-reading positive, B, Wrong-
reading positive, C, Right-reading negative, D, Wrong-reading negative.
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FIGURE 16.—A field scribing kit includes (1) field scribing kit container (large), (2) instructions for use

of plastic templet and for sharpening points, (8) thinner, (4)
swivel graver, (6) register studs, (7) scribing points, (8)
graver, (10) rigid graver, (11) building graver, (12)

correction fluid, (5) Allen wrenches for
swivel
(14)

combination straightedge-curve, (9)

screwdriver, (13) angle fineline graver,

straight fineline graver, (15) correction fluid brush, (16) sharpening stone, (17) Allen wrench for rigid

graver, and (18) plastic symbol templet.

ing wherever map detail prevented light from reach-
ing the sheet so that a negative image of the original
is produced.

The etching process is used when a finished posi-
tive copy is available, particularly if the reproduc-
tion contains a large quantity of numbers and sym-
bols. Often contours are thus reproduced when a
map is being revised. Generally, contours do not need
as much revision as other map features so that con-
tour guides frequently can be reused; the etching
process is a quick and easy way to prepare copy. The
disadvantage is that the lines sometimes print less
crisply than desired. However, minor repair work
can be done with a simple scribing needle in much
less time than it would take to rescribe or reink the
entire plate.

Solid-tint areas, which symbolize water, woodland,
and urban areas on topographic maps or areas of
equal distribution on thematic maps, usually are pro-
duced by peeling or stripping. An outline of the
tinted area is compiled and contact-printed onto a

sheet coated with a special “peelcoat” material. The
line image is etched into the peeleoat, and with the
etched lines as a boundary, the tint areas are easily
peeled away with a small knife, leaving open win-
dows (fig. 17).

Sometimes lettering and symbols are prepared on
transparent adhesive material called stickup or strip-
film (fig. 18), positioned on the appropriate manu-
script, and burnished or rubbed on to adhere. Letter-
ing can also be applied manually or with an elec-
tronic lettering machine.

If a map is to be multicolored, color-separation
guides (not to be confused with feature-separation
guides) must be made. The normal separation of
colors is:

Black___Culture, control, grids and coordinates, labels,
marginal data.

Blue____. Drainage.

Green.___Vegetation.

Brown._ Relief.

Red_____ Highway numbers and classification, land lines,
and fence lines,
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FIGURE 17.—Preparing an open-window guide by peeling areas of the opaque layer from an etched peelcoat.

At least one color separation guide must be pre-
pared for each color, containing only the data to be
printed in that color. These guides can be scribed,
film, or open-window negatives. For good register,
they are prepared on a printed image reproduced
from the compilation manuseripts. The important
difference between compilation manuscripts and
guides is that the manuscripts are normally drawn
right-reading while guides are normally drawn
wrong-reading because they are used for the contact
exposure of photosensitive pressplates.

To make a color composite proof for checking, the
color-separation guides are successively contact
printed in their assigned colors on a white base. The
editor easily identifies errors and indicates changes
on the guides. In a complex multicolored map, such
as a topographic map, corrections can sometimes
cause new errors. Therefore, the editing-correcting-
editing cycle should be repeated once or twice before
publication.

Final review is the last phase before map repro-

duction. The manuscript and accompanying data are
examined for accuracy, adequacy, completeness, and
conformance to specifications. The reproduction ma-
terials are sent to the printing plant, and the related
materials are sent for archival storage. Depending
on agency or company policy, when all maps in an
individual project are finished, the reviewer may
prepare a report summarizing information pertain-
ing to the production of the project, supplementing
reports prepared for individual maps. The reports
contain preparation data that cannot be shown on
the maps and that do not duplicate any of the map
content. The reports can be invaluable in answering
questions about how the maps were prepared, espe-
cially in case of litigation.

MAP REPRODUCTION

Most maps are now printed in quantity on rotary
offset presses from aluminum pressplates. For only
limited distribution, manuscripts can also be repro-
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FIGURE 18.—Applying waxed stickup or stripfilm to a names sheet, one sheet used to
produce the black printing plate.
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duced photomechanically, Other types of printing—
such as letterpress, gravure, and diazo—are de-
scribed by Melcher and Larick (1966). The alumi-
num pressplates are prepared by contact photog-
raphy using the color-separated reproducibles, one
plate for each color. Multiple exposures of a plate
are needed if all the features to be printed in one
color have not been combined into a single repro-
ducible, for example, drainage detail may be on a
scribed drawing with water tint on a separate open-
window drawing. Various types of screens are used
to produce tints and shades by blocking out specific
percentages of the image. Therefore, it is possible
to print several shades of a color from one pressplate.

In offset printing the ink image is transferred
from the pressplate to an intermediate rubber
blanket and from the blanket to the paper, forming

one impression. For multicolor maps, a separate im-
pression is needed for each color. Moreover, the im-
pressions must be in exact register with each other
to form an accurate map.

For the standard five-color topographic map
(black, blue, brown, red, and green) the impressions
can be obtained in five separate runs through a
single press, which must be shut down, washed, re-
plated, and reinked between runs. The same five
impressions are more efficiently obtained on a five-
color press (fig. 19), which consists of five press
units operating in tandem, each unit printing a dif-
ferent color. Blank paper is fed into one end of the
press, and completely printed maps emerge at the
other end. A large volume of maps must be produced
to justify spending the money needed to buy a five-
color press.

FIGURE 19.—Five-color offset press with five units in tan&em, each printing a different color.
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MAPS

A map is a graphie representation, usually on a
plane surface and at an established scale, of selected
natural and manmade features on or below the sur-
face of the Earth. Symbolization is used to enhance
certain details according to the intended purpose of
the map.

The number of types of maps that can be made for
different uses is practically unlimited. Generally,
however, maps can be classified in one or more of the
following categories: planimetrie, topographic, the-
matie, digital, line, or photographic.

PLANIMETRIC MAPS

Planimetric maps present the horizontal position
of selected features but do not show relief in meas-
urable form. Examples of planimetric maps are base,
cadastral, line-route, and outline maps.

Base maps are used to plan or to compile data for
the production of specialized maps.

Cadastral maps show the boundaries of subdivi-
sions of land (usually with bearings and lengths and
the areas of individual tracts) for describing and
recording ownership. One type of cadastral map is
the plat which often constitutes, or is an essential
part of, a legal description of a parcel of land. The
Bureau of Land Management is the major single
producer of land plats.

Line-route maps are used by utility companies.
They show the routes and type of construction of
pipelines or wire circuits, plus the locations of facili-
ties such as switchboards, valves, and telegraph
stations.

An outline map presents only the information
needed to provide a basis for the compilation of addi-
tional data. Outline maps often show only national
and State boundaries and major drainage systems.

TOPOGRAPHIC MAPS

In addition to the features shown on planimetric
maps, topographic maps portray the shape and ele-
vation of the terrain, usually by contours, form
lines, shading, color gradients, or hachures. Any map
portraying relief by one of these conventions can
be called a hypsometric map. A map on which the
elevations are referred to a specific datum is called
a hypsographic map. Standard topographic maps are
in both categories.

In the United States the best known type of
topographic map is the quadrangle series, which
range in scale from 1:20,000 to 1:250,000. The quad-
rangle series are used in development, for selecting

industrial sites, planning highways, routing utility
lines, selecting damsites, and locating communica-
tion facilities. They are also popular in recreation
for hunting, fishing, and camping.

Other types of topographic maps include engineer-
ing, flood control, landscape, and bathymetric. Engi-
neering maps are used for planning and cost estimat-
ing for projects. Flood control and storm evacuation
maps are special-purpose topographic maps used to
study areas subject to flooding. Landscape maps are
used by architects to plan buildings that will conform
to the topography of the site. Gardeners use land-
scape maps to maintain parks, playgrounds, and
private estates. Bathymetric maps show water
depths and underwater topography. Water depth
ranges are generally portrayed by various colors or
shades. Usually, uniform depth intervals are con-
nected by solid lines called bottom contour lines.
USGS and NOS produce bathymetric maps.

THEMATIC MAPS

Thematic maps are also called geographic, special-
purpose, or distribution maps. They emphasize a
single topic such as geology, climatology, or crop
distribution, and the entire map is devoted to pre-
senting this distribution or concentration. Geogra-
phers use thematic maps to show the distribution
of subjects such as population, languages, crop pro-
duction, soil, climate, vegetation, land use, and in-
dustry. The distributions are shown by several meth-
ods, including dots, choropleths, or isopleths.

Dots are used to represent quantities such as
1,000 people or 500 acres of corn. The size and value
of dots are selected so that the dots coalesce in areas
of densest distribution. Sometimes dots of varying
sizes are used for different quantities.

Choropleth maps are thematic maps in which sec-
tions determined by civil boundaries or other ar-
bitrary division are colored, shaded, dotted, or
hatched to make darker or lighter areas in propor-
tion to the density of distribution. Because of the
arbitrary selection of sections, choropleth maps can
be somewhat misleading by showing an abrupt
change between sections where the change is ac-
tually gradual.

Isopleth maps are used to show numerical values
for continuous distributions (such as rainfall and
temperature) rather than discrete variables. Iso-
pleths are lines connecting places of equal value of
distribution and have the same inherent virtues and
deficiencies as contour lines. They provide exact
information throughout their entirety but do not
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show what happens in the intervals. Tinting or
shading is sometimes used between isopleths.

There are various types of thematic maps, includ-
ing geologic, forestry, soil, land use, slope, and his-
torical. Geologic maps portray a number of differ-
ent geologic conditions. Forestry maps show the size,
density, kind, and values of trees in a given area.
Soil maps portray soil conservation parameters.
Land use maps depict land use by colors, letters, or
numbers within small areas.

Slope maps use colors or shades to graphically
represent different degrees of slope and are used in
studies related to land use. Slopes can be determined
mechanically by the distance between contours on
a relief map, or they may be generated by computer
printout from digital terrain data.

Thematic maps dedicated to the explanation of
the past are called historical maps. They show such
features as battlefields, military routes, and bound-
ary changes. Although all maps are historical be-
cause of the time interval between compilation and
publication or use, not all historical maps are the-
matic. Only those intended to illustrate statistics can
be classified as thematic,

DIGITAL MAPS

The digital map is a recent addition to map clas-
sifications. It is a graphic produced automatically
from a computer bank of map data. Often the user
can retrieve selected information either in map or
list form (see “Future outlook™).

LINE MAPS

Any map produced from scribed, inked, or paste-
on line copy is considered a line drawing or line map.

PHOTOMAPS

The photomap is an alternative to the line map—it
shows nonselective details requiring photointerpre-
tation by the user. Any aerial photographic image
can be considered a photomap. However, although
aerial photographs are map substitutes because they
show surface features, they may contain serious
scale distortions caused by camera tilt or topo-
graphic relief. Most photomaps include some car-
tographic enhancement to help the user—perhaps
only marginal information, an overprinted line draw-
ing, or names,

Alireraft tilt and relief cause certain image distor-
tions and displacements on photographs. Distortions
caused by camera tilt can be removed by simple

rectification. Distortions caused by relief can be
removed by an Orthophotoscope or other differen-
tial-rectification system which produces orthophoto-
graphs, correct in scale and relative position.

Orthophotoquads and orthophotomaps have been
developed using simple and differential rectification,
which remove tilt- and relief-caused scale distor-
tions. Both are made from an orthophotograph or an
orthophotomosaic, and both contain marginal in-
formation including grid and projection lines or
ticks. Orthophotoquads are black-and-white or color
orthophotographic images in quadrangle format
with a minimum of cartographic treatment. The
major highways and a few principal places or fea-
tures are labeled for orientation. The orthophoto-
quad user must interpret most features for himself.
Orthophotomaps are hybrids that contain both ortho-
photoimagery and cartographic symbolization in-
cluding color separation and enhancement, Color
enhancement can often present features in colors
more easily recognized than those nature provides.
A variety of shades of green, blue, and brown ac-
centuate such detail as saltwater encroachment,
marshland limits, faults, and physical characteristics
of prominent geologic features. With additional car-
tographic treatment (contours, elevations, bound-
aries, labels), orthophotomaps require approxi-
mately the same production effort as line maps, but
the photoimagery is an advantage in the study of
special interest areas by hydrologists, geologists,
and other earth scientists.

FORMAT

Maps generally have a rectangular format that
may include the entire area of a political division of
interest. Generally, some map detail is shown beyond
the political boundary to fill the entire area within
the outer drafted neatline. However, sometimes
compilation ends at the political boundary, and the
map then conforms to the shape of the political unit.

A quadrangle map is bounded by meridians of
longitude and parallels of latitude. Examples of
standard quadrangle formats are 7.5'x7.5°, 15'x1%,
80/x1°, and 1°x2° Adjacent quadrangles can be
fitted together to form a large continuous map. Maps
and charts of water areas generally are bounded by
meridians and parallels.

CONTENT

General-purpose maps contain all or some of the
following data:

e Control.
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a. Horizontal and vertical stations.
b. Spot elevations.

Reference systems.
a. Geographic (latitude and longitude).
b. Universal Transverse Mercator grid.
c. State plane coordinate grids.
d. Public land system (township and section

lines and corners).

Culture—roads, buildings, dams, utility lines, and
other works of man.

Drainage—swamps, rivers, streams, ponds, lakes,
and oceans.

Vegetation—woodland, scrub, orchards, and vine-
yards.

Relief—contours, hachures, form lines, color gradi-
ents.

CONTOUR INTERVAL

The contour interval is the difference in elevation
between adjacent contours on a map. Selection of
the interval is a basic consideration in topographic
and bathymetric mapping, depending mainly on scale
and to some extent on the intended use of the map.
A large interval may be acceptable for small-scale
and reconnaissance maps, but natural resource de-
velopment usually requires an interval small enough
to portray all significant details of the terrain. Too
small an interval may cause contour crowding or
show insignificant details; too large an interval may
prevent adequate representation of the terrain. An
interval that is appropriate at one scale may not be
satisfactory at another.

Occasionally, selecting a contour interval is diffi-
cult because portions of the terrain or sea bottom
need a smaller interval between contours more than
other portions. For example, a 5,000-ft interval on a
bathymetric map may miss a 38,000-ft mountain
range within a 6,000-ft deep basin. Supplemen-
tary contours (dashed or dotted) are frequently
shown between the regular contours in parts of a
map where finer detail would otherwise be missed.
USGS adopted standard contour intervals of 5, 10,
20, 40, and 80 ft for large- and intermediate-scale
topographic maps. Standard intervals for the 1:
250,000-scale series are 25, 50, 100, and 200 ft. Other
contour intervals are used for larger scales and for
maps of Alaska. (See “Future outlook” for how
conversion to the metric system affects these in-
tervals.)

The National Ocean Survey has established stand-
ards for using contour intervals on bathymetric
maps and nautical charts based on the accuracy of

measured depths, the spacing of the sounding lines,
type of topographic detail encountered, and slope.
In accordance with the International Hydrographic
Bureau SP 44 and the NOS Hydrographic Manual
(see app. 6.), continuous profile sounding lines are
spaced at 1.0 em (0.4 in) or less at the scale of the
survey (not applicable to old surveys). Inshore at
entrances to harbors, in areas adjacent to spits or
rocky points, and in areas where major changes in
bottom contours are found, the spacing is frequently
reduced to 0.5 cm or less. The maximum allowable
errors for depth measurements are:

Depth Allowable error
0-20 m (0-11 fm) 0.3 m (1.0 ft).
20-100 m (11-55 fm) ___________. 1.0 m (0.5 £fm).

Deeper than 100 m (55 fm) ________ 1 percent of depth.

SCALE

The scale of a map is one of its most important
characteristics. Scale is the mathematical relation-
ship between a unit distance on the map and its cor-
responding distance on the ground, and may be
expressed as a representative fraction or ratio; thus
1/24,000 (or 1:24,000) indicates that any linear
measurement on the map represents 24,000 times
that measurement on the ground. The same secale
may also be shown by giving a unit distance on the
map and its equivalent on the ground; for example,
1 ecm on the map represents 24,000 cm (240 m) on
the ground.

The terms “small scale” and “large scale” are
relative and refer to ratios with large and small
denominators ; for example, 1:24,000 is a larger scale
than 1:250,000. Figures 20-22 show the Stafford,
Va., area at different scales, 1:250,000, 1:50,000,
and 1:24,000. A bar scale (graphic scale) is nor-
mally placed in the margin or legend of a map to
aid linear measurements. The bar scale is a line of
convenient length which is subdivided and labeled
with the distances (generally in feet, miles, and
kilometers) that its parts represent on the Earth.

The amount of detail that can be shown on a map
varies with the scale. Unexpected problems some-
times occur when the map scale is changed photo-
graphically. Enlargements can make symbolization
too big; reduction can make them too small. Chang-
ing scale using a pantograph allows changes in
symbol size and detail. Some problems in map scale
reduction can be solved by removing some of the
separation guides. The map user must consider the
effect that a change in scale has on detail.

On large-scale maps, such as standard 7.5-min
topographic quadrangles, the scale is generally con-
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FIGURE 20.—Stafford, Va., area at 1:250,000 scale. From the USGS Washington,
D.C.-Md.-Va., 1:250,000-scale topographic quadrangle map.
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FIGURE 22.—Stafford, Va., area at 1:24,000 scale. From the USGS Stafford, Va.,
7.5-min topographic quadrangle map.
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sistent throughout the mapped area. However, on
small-scale maps covering large areas, the scale can
change gradually from one point to another. Depend-
ing on the projection, the nominal scale shown may
refer to the center of the map or to one or two lines
within the map. In a series of maps on the same
projection (such as a quadrangle series), the nomi-
nal scale may apply to points or lines outside the
actual map sheet but within a block of adjacent
maps (as along standard parallels of the State plane
coordinate systems). Scale variations seldom concern
map users working with paper prints and ordinary
rulers because paper distortion is likely to be greater
than any scale change due to the projection.

ACCURACY

Map accuracy is closely related to map scale. The
National Map Accuracy Standards (app. 6) were
devised to provide cartographers with practical cri-
teria for certifying their maps. Note that the stand-
ards cannot be stated in positive terms because no
practical amount of testing can assure them.

The standard for horizontal accuracy requires
that no more than 10 percent of the well-defined
map points tested be in error more than 0.02 in at
the publication scale. The tolerance corresponds to
40 ft (12.2 m) on the ground for 1:24,000-scale
maps and about 100 ft (30.5 m) for 1:62,500-scale
maps. The standard for vertical accuracy requires
that no more than 10 percent of elevations inter-
polated from the contour lines be in error more than
half the contour interval.

The standards for hydrography (app. 6) adopted
by the Federal Government are those agreed upon
by the International Hydrographic Organization
(Accuracy Standards Recommended for Hydro-
graphie Surveys, IHB Special Publication 44, Mona-
co, 1968). The standards are comparable to the Na-
tional Map Accuracy Standards ; however, they apply
to the accuracy of basic control and the vertical
datum rather than the graphic product. The basic
acceptable horizontal position error is 0.05 in (0.127
c¢m) on the map, and the acceptable vertical error is
1 percent of the water depth.

REVISION

In a sense, accuracy implies currentness. The
compilation date on a map indicates whether its eon-
tent is likely to be up-to-date. Certain types of maps
generally need little revision, especially those show-
ing geology or relief. Major revisions are mainly
needed for manmade features. Although minor revi-

sions may be needed on nearly all map plates, most
of the work concerns such features as new roads,
buildings, and reservoirs. Changes also occur in the
shape of the shoreline as a result of weathering and
erosion. Since rate and amount of change vary
greatly from area to area, not all maps are revised
at definite intervals and to the same extent. Maps
are selected for revision according to the require-
ments of users for current maps that meet modern
standards.

CHARTS

Maps are defined in the glossary and in the section
“Maps.” A chart is a map on which highly specialized
data have been included to serve a specific purpose—
most commeonly, aerial or marine navigation.

Various kinds and types of charts are prepared
and published by NOS to promote safety in aerial
and marine navigation. Because charts are im-
portant to the safety of life and property, accuracy
sufficient for the intended purpose is basic in their
data acquisition, design, and construction. Data in-
valuable for coastal activities are available as by-
products from the sources used in chart production.

TYPES

In addition to aeronautical and mnautical charts,
airport obstruction, isogonic, isopach, and tidal cur-
rent charts also present data of value in the coastal
zone,

In designing and preparing charts for aerial navi-
gation, features critical for the pilot and navigator
are emphasized. Scale must be relatively small be-
cause of the flight speed. Terminal control area
(TCA), sectional aeronautical, and world aeronau-
tical charts are the most likely to contain coastal in-
formation of any value; they are produced at 1:-
250,000, 1:500,000, and 1:1,000,000-scale, respec-
tively.

Nautical charts (app. 7, fig. 17) are classified ac-
cording to the specific navigational phase each
serves. For example, a sailing chart is appropriate
for an ocean crossing, but a coast chart is needed
as land is approached or for a voyage generally
parallel to the coast. Harbor charts (app. 7, fig. 18)
replace the coast charts as vessels enter restrieted
waterways with congested traffic and navigational
hazards. Small-craft charts (app. 7, fig. 19) are con-
venient aboard small eraft and other vessels where
space is limited. The primary differences between
these charts are scale and the features emphasized.

Isogonic charts show lines of equal variation of
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the magnetic compass. They are compiled on a
suitable base map, usually at a small scale, to show
the variation of magnetic bearing and its annual
rate of change. The basic data are obtained from
field observations.

Tidal current charts (app. 7, fig. 24) provide in-
formation about the direction and speed of the cur-
rent in a specific area at intervals through the entire
tidal eycle. They are currently limited to major har-
bors, but coverage is being extended to important
coastal waters. These charts can be valuable in
coastal management operations.

With few exceptions, the charts mentioned are
basically line drawings, relying on colors and sym-
bols to emphasize significant features. A new series
contains an orthophotomosaic base to present in-
formation usually shown by lines and symbols.
Landmarks and similar features important to navi-
gators are emphasized by color or symbolization.

FORMAT

The different charts are issued in various formats,
depending principally on the intended use and the
environment.

Aeronautical charts (app. 7, fig. 35) of value to
coastal activities cover differing areas and are nor-
mally issued in accordion-folded format. Terminal
Control Area charts, available only for selected
major airports, cover the immediate vicinity. They
vary little in physical size. Sectional aeronautical
charts (scale 1:500,000) cover areas defined by geo-
graphic coordinates. They are printed on both sides,
each covering 2° latitude and from 6° to 8° longi-
tude. Because of the smaller scale (1:1,000,000),
world aeronautical charts differ from sectional
charts in the area covered. Each side covers 4° lati-
tude and from 12° to 16° longitude. Airport obstruec-
tion charts cover approximately circular areas that
include runway approach and departure zones, and
are fairly uniform in dimensions. They are not pub-
lished, but diazo copies are produced as needed.

Nautical charts vary widely in physical dimen-
sions. They are designed to cover all or part of a
body of water, or a section of coast between major
ports or other important geographic features. When
practical, coverage and dimensions of individual
charts within each series are kept uniform for the
convenience of the mariner. Depending on the area
of coverage, isogonic charts vary widely in dimen-
sions and are usually small scale. Tidal current
charts are issued in bound volumes consisting of 12
or 13 diagrams prepared on the same base.

ACCURACY

Navigational charts are relied on for safety in
two major transportation systems. Accuracy is
therefore a major concern in production. Accuracy
requirements vary with the kind of chart and are
most critical for nautical charts.

Base maps that meet National Map Accuracy
Standards provide the terrain data for aeronautical
and nautical chart bases. Base maps for nautical
charts, except in rare instances, are prepared by
NOS from aerial photographs at a scale at least
twice that of the final chart. When a new hydro-
graphic survey is not scheduled, base topography
is sometimes prepared directly at charting seale.
Features critical to safe marine navigation are
mapped to standards stricter than the national
standards. For example, the shoreline (usually the
mean high water line) and the mean low water line
must be plotted within 0.5 mm (at map scale) of the
true position, about 16 ft (4.9 m) on the ground at
1:10,000 scale, compared to 28 ft (8.5 m) under
the national standards. Fixed aids to navigation and
objects to be charted as landmarks must be plotted
within 0.3 mm (about 10 ft.—8 m—at 1:10,000
scale) of true position. Similar accuracy is not re-
quired for aeronautical charts, but radio naviga-
tional aids and obstructions to safe operation of
aircraft are located and charted with accuracy
suitable for publication scale. Bases for all the other
types of charts usually are prepared from the most
suitable aeronautical or nautical charts.

SCALE AND CONTENT

Chart content depends on use and publication
scale. At large scales more detail can be shown
without congestion and legibility can be increased
with larger symbols and type, but areal coverage
is reduced. At small scales larger areas can be
covered, but details must be omitted to avoid con-
gestion.

Chart content of value in coastal activities varies
with the kind of chart. In general, small-scale
charts are suitable for general planning or for pre-
paring gross inventories. For example, sectional
aeronautical charts can be used for planning, but
large-scale charts are of the greatest value to
users. Scale can be changed by photographic or
mechanical enlargement or reduction. However, en-
largement is not recommended (except as an expe-
dient) because errors made in producing the chart
are enlarged so that the new larger scale chart is
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not as accurate as its scale implies. Excessive photo-
enlargement can reduce legibility.

Some chart data may be common to several dif-
ferent kinds of charts. Shoreline, for example, is
critically important to a ship’s navigator and is
always shown prominently on nautical charts. The
shoreline is not as important to an aircraft naviga-
tor, and is therefore less prominently displayed on
aeronautical charts.

REVISION

Obsolete contents can quickly destroy a chart’s
utility. Charts become obsolete mainly by the acts
of man. Most aeronautical charts are revised semi-
annually; those of remote areas are revised less
often. Changes usually affect airways data and navi-
gational facilities and they therefore have little af-
fect on the coastal zone. Nautical charts are usually
revised annually for congested areas. Charts of re-
mote areas are revised less often. Isogonic charts
are recompiled every 5 years; isopach charts have
no established revision schedule. Airport obstrue-
tion charts are revised every 3 years when resources
permit—less frequently for some smaller airports
with light traffic.

OVERPRINTS AND OVERLAYS

Overprinting is printing additional information
on an already printed map. An overlay is a trans-
parent or translucent photograph or drawing at the
same scale as the base map made to register with
it. The added information shows new details with-
out changing the original.

USES

Overprints can be used to add new roads, build-
ings, dams, and reservoirs to original maps with a
new press run. An extra color for revision data
permits users to readily identify and evaluate
changes (fig. 23). Overprints can also be used to
direct attention to special data, such as by adding
an arrow pointing to the particular feature,

Overlays can provide the same information as an
overprint. However, they are used in conjunction
with the original base map and do not become a
permanent part of it. Sometimes several overlays
are used in combination to show changes over a
prolonged period.

Overlays are used in the planning and production
of maps in the following typical ways:

o Compiling administrative data (costs, priori-
ties, and locations of field parties).
Planning control.
Planning, procuring,
graphs. -
Editing compilation manuscripts.
Layout of contour numbers or soundings.
Name placement and type style.

The USGS Land Use Data and Analysis (LUDA)
program is an example of the effective use of
overlays. The 1:250,000-scale topographic maps are
used as bases to produce overlays (film positives)
showing classification of land uses throughout the
country. These film positives can be used in conjunc-
tion with the base map, or they can be combined
with selected plates from the base map and pub-
lished as land-use maps.

Figures 24 and 25 show a base map and a corres-
ponding overlay locating oil and gas fields.

EXAMPLES OF OVERLAYS FOR COASTAL
MANAGEMENT

Although overprints can be used in coastal 'map-
ping, overlays are usually more suitable. Examples
are:

and annotating photo-

1. 100-year flood plain.
2. Soils.

3. Geology.

4. Population.

5. Bstuarine studies.

a. Discharge.
b. Run-off.
¢. Physical characteristies.
(1) Salinity.
(2) Slope analysis.
6. Oceanography.
a. Hydrodynamics.
b. Sediments.
(1) Bottom.
(2) Near-surface.
¢. Currents.
(1) Surface.
(2) Subsurface.
d. Tidal.
(1) Location of station.
(2) Data.
(3) Bench marks.
7. Climatic studies.
a. Temperature.
b. Rainfall.
(1) Seasonal.
(2) Annual
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8. Resources.

a. Living.

b. Nonliving.
9. Land use.
10. Wetlands.

a. Vegetation,

b. Limits.

11. Sanctuaries and refuges.
a. Public.
b. Private.

12. Historical and archeological sites.
13. Land ownership.
14. Recreation.
a. Parks.
b. Marinas.
15. Pollution.
a. Sewage outfalls, ocean dumping, ete.
b. Air.
¢. Noise,
16. Support services.
a. Primary.

(1) Sewage disposal.
(2) Fresh water.
(8) Solid waste disposal.
(4) Electricity.
(5) Transportation.
b. Secondary.
(1) Schools.
(2) Hospitals.
(3) Fire stations.

(4) Police stations.

ADVANTAGES AND LIMITATIONS

Overprints can be used to keep a map from be-
coming cumbersome, in cases where more than one
overlay would be required. However, because an
overprint is a permanent part of a map, the entire
map may have to be revised if the overprint be-
comes undesirable. Overprinting requires at least
one additional press run and register may not be
exact because of printing on top of published maps
whose size may have changed with time. Over-
printing must be limited to data that will not cause
cluttered detail or confusion.

The greatest advantage of overlays is that they
avoid crowding map detail. Overlays, in keeping
with the feature-separation system, show unlimited
types of information related to the same base map
and to each other. Production costs for small quanti-
ties of overlays can be less than that for overprinting
published maps. Nevertheless, overlays usually re-

quire special printing methods which consequently
increase costs.

DATA EXTRACTION TECHNIQUES

It is not generally practical to produce maps
meeting the individual needs of every user, nor is
it practical to print every possible combination of
map guides. Most maps contain more information
than a user needs. Users must select data, and they
may have to be content with less information than
they need.

VISUAL EXTRACTION

Whoever reads a map is extracting data. Whether
he is conscious of the fact or not, a user selects
information that he wants and disregards the rest.
A person who reads a map to find his way visually
interprets the data and chooses his route. Some
readers may be interested in interpreting every
aspect of specific map features, by mental calcula-
tion or with aids such as scales, protractors, com-
passes, cartometers, and planimeters.

FEATURE SEPARATION

As explained in the section, “Photogrammetric
mapping techmiques,” pressplates for multicolor
maps are produced from color-separation guides.
Each color can be broken down further. For example,
one blue pressplate can be made from several blue
guides—one for lakes and ponds, one for streams,
and one for swamps.

There can be greater separation, as the follow-
ing list shows:

1. Black.
a. Transportation systems.

(1) Major highways.
(2) Secondary roads.
(3) Tertiary roads.
(4) Unimproved roads.
(5) 'Trails.
(6) Railroads.
(7) Airports.

b. Control.

c. Labels (names).

d. Culture.

(1) Buildings.

FIGURE 24.—Overlay showing oil and gas fields. From the
current land use plate of the Port Lavaca sheet, Environ-
mental Geologic Atlas, Texas Bureau of Economic Geology.
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(2) Schools, churches, or cemeteries.
(8) Wells: oil, gas, water.
(4) Mines.
(5) Recreation areas.
(6) Marinas.
(7) Military reservations.
(8) Boundaries.
(9) Utilities.
(a) Power transmission lines.
(b) Pipelines.
(¢} Telephone lines.
2. Brown.
a. Contours. ‘
(1) Index contours.
(2) Intermediate contours.
(3) Supplemental contours.
b. Sand.
(1) Beach.
(2) Dunes.
Tailings,
Levees.
. Strip mines.
lue.
Streams.
(1) Perennial.
(2) Intermittent.
Ponds.
Swamps.
Inundated areas.
Depth curves.
Rice paddies.
reen,
Woodland.
Orchards.
Scrub.
Mangrove (symbol usually requires blue
also).
Vineyards.
d.
Major highway classification.
Highway route numbers,
Land lines.
Urban tint.
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Feature separation makes it possible for a map
user to omit extraneous information and compile
his data with ease. He can also select from the
available guides and combine them in different ways.
Changes in color combinations can be used in con-
junction with feature separation to emphasize
features of particular interest.

By feature separation, users can select maps of
different scales from the same basic data. De-

creasing the scale could cause data crowding, which
can be avoided by removing a number of guides from
the original map materials before reduction. For
example, the primary and secondary road guides
from several 1:24,000-scale feature-separated maps
could be reduced and combined to compile a road map
at 1:50,000 or 1:100,000 scale.

Figures 26 through 35 show various sample
guides of a feature-separated map.

AUTOMATION

Computers and related machinery have eased the
task of preparing maps and extracting map data.
Although automated eartography still is in its in-
fancy, some steps have been taken toward the goal
of automation.

One approach is an automated coordinatograph,
an instrument that plots points or lines by their x
and- y coordinates. Map data can be stored on
punched cards or magnetic tapes to be recalled
later and fed to the coordinatograph to plot a
graphic from the stored information. The plotted
data can be edited by correcting, deleting, or ad-
ding, and the edited data can be returned to storage.
Some editing ean be done automatically.

The usefulness of stored data can be enhanced
by feature separation. Information can be stored
in a data bank for selective recall. For example, a
user can select all towns with a specific population
or all contours within a stated range. The user can
make his own feature separation from the available
information and can combine separate features as
he chooses. Sometimes he can select the scale or
even the projection on which the graphic output is
drawn. :

If the user’s goal is to compile statistics, he can
extract the data from published maps and compile
his lists manually. However, digitized map data
can be retrieved in list form, eliminating the need
for map interpretation and saving the time needed
to compile a list by hand.

LAND USE AND LAND COVER
CLASSIFICATION AND MAPPING

To make sound decisions, a modern nation needs
adequate information about many complex, inter-
related activities. Land use has become increasingly
important in overcoming problems of haphazard,
uncontrolled development, - deteriorating environ-
mental quality, loss of prime and unique agricultural
lands, destruction of important wetlands, and loss of
fish and wildlife habitat. Land use and land cover
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data are needed to analyze environmental processes
and problems that must be understood to improve
living conditions and standards or to maintain them
at current levels.

Because of increasing emphasis on coastal develop-
ment, various agencies are collecting land use and
land cover data. The handbook should stimulate
more uniformity and standardization in this data
collection.

DEFINITION OF LAND USE

Although most people have a general idea of
what constitutes “land use,” the term is surrounded
by confusion and misunderstanding. In the hand-
book, land use is comprised of two components—
land use and land cover. Land use is activity related,
that is, how a parcel of land or water is used. Land
cover refers to vegetation or artificial structures on
the land. The land cover of an area might be classi-
fied as nonforested wetland, whereas the actual use
may be as a wildlife refuge, an oil extraction opera-
tion, or a waste disposal operation. Aircraft or
satellite remote sensing used to map these data
makes the distinction more important because activi-
ty is not always discernible. Land cover can be used
sometimes instead of activity, but not always.

CLASSIFICATION THEORY AND PRINCIPLES

There are no ideal methods for inventorying or
classifying natural resources or land use and land
cover. A detailed inventory is adequate only for
a relatively short time because land use patterns
change with resource demands. Users of this type
of information want an inventory that reflects
change and satisfies most of their needs.

Depending on needs, a classification system can
be oriented to people, resources, or both. Wide ac-
ceptance and use shows that a combination is
preferred.

As remote sensing technology improves, more and
more inventories are made with remote-sensor
source material obtained from both aireraft and
satellites. Whether it is an aerial photograph or a
Landsat image in digital tape format, the source
material requires interpretation for use in the in-
ventory. Although supplemental material may be
needed, the inventory will include only what can be
identified with acceptable accuracy. Remote sensors
using relatively inexpensive and generally unbiased
source material provide many desirable features
that may outweigh their limitations. The informa-

tion they provide is gathered at a specified time and
is usually obtained under conditions favorable to
identification.

Classification systems can be derived inductively
or deductively. In inductive classification, where
observed features are recorded and categorized, the
number of observable features is limited to what the
remotely sensed source material can detect. There-

~ fore, the classification and inventory will be limited.

In deductive classification, where preconceived cate-
gories are established, using remote sensors limits
some of the categories because they may not be ob-
servable. Usually, a miscellaneous category is used
for uneclassifiable features.

A land use and land cover classification system
that can effectively use orbital and high-altitude
remote-sensor data should meet the following cri-
teria (Anderson, 1971).

¢ The minimum level of interpretation accuracy
in the identification of land use and land cover
categories from remote-sensor data is at least
85 percent.

o The accuracy of interpretation for the categories
is approximately equal.

e Repeatable or repetitive results are obtainable
from one interpreter to another and from one
time of sensing to another.

The system is applicable over extensive areas.
The categories permit vegetation and other land
cover to be used to replace activity.

¢ The system is usable with remote-sensor data
obtained at different times of the year.

e Subcategories that can be obtained from ground
surveys or from larger scale or enhanced remote-
sensor data are used.

e Aggregation of categories is possible.

e Comparison with future land use data is possi-
ble.

» Multiple uses of land are recognized when possi-
ble.

THE DECISION PROCESS

Clearly defined categories are rarely found in
land use classification. Fine points, such as how to
separate water and land, are debated. At first the
class selection seems obvious, but becomes clouded
when one considers problems of seasonally wet
areas or coastal tidal flats, or marshes, swamps, and
bogs with various types of plants providing some
degree of crown cover.

Most types of land use clagsified in the inventory
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FIGURE 26

Roads. Primary roads are shown in red; secon-
dary roads are in black. Primary roads
could have been shown in black as in

figure 29,

Guides included:
1. Primary roads red
2. Secondary roads black

8. Red lettering red
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FIGURE 27

Culture. Primary and secondary culture are com-
bined on one guide. The secondary culture
can be eliminated, if desired.

Guides included:
1. Primary culture black
2. Secondary culture black
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FIGURE 28

Urban tint. House omisgion area shown in gray.
Feature separation allows users to
change colors. For example, red could
be used.

Guide included:
1. Urban tint black
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FIGURE 29

Black lettering. Names shown in black can be de-
leted by removing one guide or
can be used in combination with
other black guides. Another pos-
gibility is combining black and
blue guides (including blue names,
fig. 32) to make a monocolored
map.

Guide included:
1. Black lettering black
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FIGURE 30

Combined black. All black plates are combined into
a single guide. Primary roads
shown in red in figure 25 are
shown in solid black here.

Guides included:

1. Base format black
2. Primary roads black
3. Secondary roads black
4., Primary culture black
5. Secondary culture . black
6. Urban tint black
7. Sand black
8. Black lettering black
9. Road lettering black
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FIGURE 31

Drainage. Drainage usually includes any blue line-
work such as channel outlines, shore-
lines, and depth curves as well as
streams. Wide streams and open bodies
of water require a blue tint in addition
to the linework shown here.

Guide included:
1. Drainage blue

e e
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FIGURE 32

Open water. The blue tint is usually shown with
the drainage guide, but here the tint
is on a separate guide so that the
drainage can be used alone.

Guide included:
1. Open water —_ blue
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FIGURE 33

Blue letfering. Blue names can be combined with
other blue guides, combined with
black and blue guides in a mono-
colored map, or deleted.

Guides included:
1. Blue lettering blue
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FIGURE 34

Combined black, blue, and contours. All of the
black guides (primary roads and road let-
tering could have been shown in red), all
of the blue guides, and contour guides are
combined. Having three contour guides fa-
cilitates scale reduction, since guides may
be deleted as necessary.

Guides included:

1. Base format : black
2. Primary roads black
3. Secondary roads black
4. Primary culture black
5. Secondary culture ... black
6. Urban tint black
7. Sand black
8. Black lettering black
9. Road lettering black
10. Index contours brown
11. Intermediate contours _______ . brown
12. Supplementary contours
and levees brown
13. Contour numbers . brown
14. Drainage blue
15. Open water blue
16. Mangrove blue
17. Blue lettering blue

18. Depth curve numbers . blue
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FIGURE 35

Published map, San Juan, P.R., 1:20,000-scale. All
guides are shown in standard colors.

Guides included:

1. Base format __ black
2. Secondary roads black
3. Primary culture black
4, Secondary culture . black
5. Urban tint black
6. Sand black
7. Black lettering black
8. Index contours brown
9. Intermediate contours ... brown
10. Supplementary contours
and levees brown
11. Boundary tint brown
12. Contour numbers .. brown
13. Drainage blue
14. Open water blue
15. Blue lettering blue
16. Mangrove blue
17. Woodland: blue
18. Depth curve numbers ________________ blue
19. Primary roads red
20. Red lettering red
21. Base tint yellow
22. Cemetery and park tint . yellow
23. Boundary tint yellow
24. Woodland: ' yvellow

1The woodland plate Is printed In both blue and yellow to form a
green tint that represents woodland (mangrove where the blue man-
grove symbol also appears).
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appear in a continuous gradation from 0 (no use)
to 100 (full use). The problem is where to place
boundaries. How large an area should have a
particular use before that use is acknowledged ? How
are the problems resolved in areas having hetero-
geneous mixtures of equally significant land use?
Such questions are not easily answered.

Documentation and description of classification
criteria help identify where on the gradation scale a
land use change occurs. If the size of an area is a
deciding factor, the size should be stated on the
basis of the information source and the decision
criteria.

For example, on land where agriculture has ceased
there are various stages of reforestation. Much of
the land cannot be properly classified as forestland
because there is gradation of cover beginning with
woody plant materials that start to grow when the
land is dropped from crop production. There are
areas with no discernible line where low sparse
bush growth changes to stands of marketable timber.
In the past, the solution has hinged on well-docu-
mented decisions about where the line should be
drawn. Remote-sensing platforms can help by pro-
viding a vantage point that is not available on the
ground.

The above example reemphasizes the significance
of user needs in developing a classification system.
The interest of commereial foresters differs from
that of planners or transportation engineers. Ex-
pected use usually determines where boundaries are
drawn.

Another problem is the interface of land uses.
An example is the large area of suburban-influenced
land around urban areas. Factors, including infor-
mation sources, available funds, significance of land
use area, and minimum map units, are used to de-
cide how the land use should be clagsified and
mapped. Similarly, in areas of multiple uses (such
as grazed woodlands), several factors are considered.
Sometimes a separate class is used to avoid making
a decision favoring one class over the other.

Problems also arise in satisfying inventory users
when there is a conflict between cover and activity.
Many recreational activities are in this category.
For example, hunting is a common recreational land
use, but most hunting is done on land that is better
classified as forestland, rangeland, or agricultural
land. Consequently, hunting as a land use may re-
quire a different classification. Hunting does not
easily fit into an inventory based on remote-sensing
sourees,

Sometimes problems of dual land use can be
solved by classifying the land according to greatest
use, significant information, or point information
sources. Areas with multiple uses can be mapped

TABLE 3.—USGS land use and land cover classification
system for use with remote-sensor data

LEVEL I LEVEL II

1 Urban or built-up land 11 Residential.

12 Commercial and services.

18 Industrial.

14 Transportation, commu-
nications, and utilities.

15 Industrial and commer-
cial complexes.

16 Mixed urban or built-up
land.

17 Other urban or built-up
land.

2 Agricultural land 21 Cropland and pasture.

22 Orchards, groves, vine-
yards, nurseries, and
ornamental  horticul-
tural areas.

23 Confined feeding opera-
tions.

24 Other agricultural land.

3 Rangeland 31 Herbaceous rangeland.
32 Shrub and brush range-
land.
33 Mixed rangeland.

4 TForest land 41 Deciduous forest land.
42 Evergreen forest land.
43 Mizxed forest land.

5 Water 51 Streams and canals.
52 Lakes.
53 Reservoirs.
54 Bays and estuaries.

6 Wetland 61 Forested wetland.
62 Nonforested wetland.

7 Barren land 71 Dry salt flats.
72 Beaches.
73 Sandy areas other than
beaches.
74 Bare exposed rock.
75 Strip mines, quarries,
and gravel pits.
76 Transitional areas.
77 Mixed barren land.

8 Tundra 81 Shrub and brush tundra.
82 Herbaceous tundra.
83 Bare ground tundra.
84 Wet tundra.
85 Mixed tundra.

9 DPerennial snow or ice 91 Perennial snowfields.
92 Glaciers.
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efficiently by putting each use on a separate overlay,
thus retaining the basic data for map users who are
not interested in the combination of uses.

In other cases, confusion over large areas of multi-
ple land uses can be clarified by including general
statements or guidelines as marginal information.
Technically, grazing is rangeland use whether it is
in the East or the West. However, management prac-
tices in the East are substantially different from
those in the West, and it is hard to resolve the
difference in classification description. Deciding
where the term “range” is to be used instead of the
term “pasture’” will resolve most of the conflict.

CLASSIFICATION SYSTEMS

Land use classification schemes are abundant.
Some are very general; others are highly detailed,
having as many as four levels. It is not practical to
discuss all classification systems here. The examples
included in the handbook were chosen because of
their wide acceptance or appropriateness.

National in scope, the USGS land use classifica-
tion system (Anderson and others, 1976) relies
mostly on remote-sensor data. The system was de-
veloped for Federal and State agencies that needed
a current overview of land use and land cover with
uniform categories at the more generalized levels 1
and II, and that is receptive to data from satellite
and aircraft remote sensors. The system incorpor-
ates features from widely used classification sys-
tems that are compatible with data derived from
remote sensing. The classification is intentionally
left open-ended so that Federal, regional, State, and
local agencies can be flexible in developing more de-
tailed clagsifications at the third and fourth levels
to meet their needs, and so that they can remain
compatible with each other and the national system.
The revised system incorporates the results of ex-
tensive testing and reviewing of categorization and
definitions. The classification is shown in table 8.

An example of how the USGS classification sys-
tem can be used as a framework for more detailed
categorization is the system that was developed in
the Land Inventory and Monitoring Division of
the Soil Conservation Service (table 4). Categories
such as cropland in conservation use, or temporarily
idle and grazed and nongrazed commercial and non-
commercial forestland cannot be identified solely
from remote-sensor data. Therefore, other sources
of information are needed.

Many States have developed and used their own
classification system or have modified existing sys-

TABLE 4.—Land use classification system developed for the
Soil Conservation Service

1. Urban or built-up land.
1.1 Roads and railroads.
1.2 Residential, commercial, industrial, mixed, and other.

2. Agricultural land.

2.1 Nonirrigated cropland.
2.11 Row crops.
2.12 Close grown crops.
2.13 Summer fallow.
2.14 Rotation hay and pasture.
2.15 Hayland.
2.16 In conservation use.
2.17 Temporarily idle,
2.2 Irrigated cropland.
2.21 Row crops.
2.22 Close grown crops.
2.23 Summer fallow.
2.24 Rotation hay and pasture.
2,25 Hayland.
2.26 In conservation use.
2.27 Temporarily idle.
2.3 Nonirrigated pasture.
2.4 Irrigated pasture.
2.5 Nonirrigated orchards, groves, vineyards, nurseries,
and ornamental horticultural areas.
2.6 Irrigated orchards, groves, vineyards, nurseries, and
ornamental horticultural areas.
2.7 Confined feeding operations.
2.8 Other agricultural land.

3. Rangeland.

3.1 Herbaceous range.
3.2 Shrub-brushland range.
3.3 Mixed range.

4. Forest land.

4.1 Deciduous forest.
4.11 Grazed commercial forestland.
4.12 Not grazed commercial forestland.
4.13 Grazed noncommercial forestland.
4.14 Not grazed noncommereial forestland.
4.2 Evergreen forest.
4.21 Grazed commercial forestland.
4.22 Not grazed commercial forestland.
4.23 Grazed noncommercial forestland.
4.24 Not grazed noncommercial forestland.
4.3 Mixed forest.
4.81 Grazed commercial forestland.
4.832 Not grazed commercial forestland.
4.33 Grazed noncommercial forestland.
4.834 Not grazed noncommercial forestland.

5. Water,
5.1 Ponds, lakes, reservoirs, 2.5 to 40 acres in size.
5.2 Ponds, lakes, and reservoirs more than 40 acres in
size,
5.3 Canals, streams, and rivers 165 to 660 ft wide.
5.4 Canals, streams, and rivers more than 660 ft wide.

6. Wetlands.

6.1 Deciduous forest wetlands.
6.2 Evergreen forest wetlands.
6.3 Mixed forest wetlands.
6.4 Nonforested wetlands.
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TABLE 4.—Continued
. Barren land.
7.1 Salt flats.
7.2 Beaches and mudflats.
7.3 Nonbeach sandy areas.
7.4 Exposed rock.
7.5 Stripmines, quarries, sand and gravel pits.
7.6 Mixed.
7.7 Other.

. Tundra.
8.1 Shrub and brush tundra.
8.2 Herbaceous tundra.
8.3 Bare ground tundra.
8.4 Wet tundra.
8.5 Mixed tundra.

. Perennial snow and ice.
9.1 Perennial snowfields.
9.2 Glaciers.

COASTAL MAPPING HANDBOOK

tems. Florida needed a coordinated land-data classi-
fication system as a first step in establishing an
overall information program. A committee of repre-
sentatives from the State land-use and resource-
planning agencies compiled a workable system. They
added level III categories to the USGS classifica-
tion system (table 5) to provide additional detail
that was needed for various land use planning and
management activities in Florida.

The “Standard Land Use Coding Manual,” pub-
lished in 1965, achieved greater uniformity in classi-
fying land use. The coding manual was released
jointly by the Urban Renewal Administration and
the Bureau of Public Roads. It incorporated the
“Standard Industrial Code” prepared by the Bureau
of the Budget and published in 1957.

TABLE 5.—Florida. Land Use/Cover Classification System

Level T Level II
100 Urban or

110 Residential
built-up land.

120 Commercial and services

180 Industrial

140 Transportation

1 DUPA—Gross dwelling units per acre.

Level ITT

111 Single unit, low density (less than 2 DUPA ).

112 Single unit, medium density (2-5 DUPA).

118 Single unit, high density (6 & over DUPA).

114 Mobile homes, medium density (less than 6 DUPA).

115 Mobile homes, high density (6 & over DUPA).

116 Multiple dwelling, low-rise (2 stories or less) DUPA
may be designated by user.

117 Multiple dwelling, high-rise (3 stories or more)
DUPA may be designated by user.

118 Mixed residential.

119 Residential under construction.

121 Retail sales and services.

122 Wholesale sales and services, including trucking &
warehousing (except warehousing associated with
industrial use).

123 Offices and professional services.

124 Hotels and motels.

125 Cultural and entertainment.

126 0il & gas storage facilities (except where associated
with industrial use).

129 Mixed commercial and services.

128 Commercial under construction.

131 Light industrial,
132 Heavy industrial.
133 Industrial under construection.

141 Airports, including runways, parking areas, hangers,
and terminals,

142 Railroads, ineluding yards and terminals.

143 Bus and truck terminals.

144 Major roads and highways.

145 Port facilities.

146 Navigable waterways.

147 Auto parking facilities (when not directly related
to another land use).

NOTE.—At level II, low, medium, and high residential density may be designated as in level III, based upon visual impact assessment from

stereo viewing, and the resolution of the level II imagery. Numbers shown may be used for computer programing and mapping designations.
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200 Agriculture
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TABLE 5.~—Florida Land Use/Cover Classification System—Continued

Level IT

150

160

170

180

190

210

220

230

240

250

Communications and utilities

Institutional

Recreational

Mixed—any mixture of urban
or built-up where no single use
predominates.

Open land and other

Cropland and pastureland

Orchards, groves (except cit-
rus), vineyards, nurseries, and
ornamental horticultural areas.

Citrus groves

Confined feeding operations

Specialty farms

148
149

151
152
153
154
1565
156
157
158
159

161

162
163
164
165
166
167
168
169

171
172
173
174
175
176
177
178
179

191
192

193

211
212
213

221
222
223
224
225

231
232
233

241
242
243
244

251
252

Level IIT
0il and gas long-distance transmission pipeline.
Transportation facilities under construction.

Electrical power facilities.

Major long-distance transmission lines.
Broadeasting or transmission towers.

Water supply plants (including pumping stations).
Sewage treatment facilities.

Solid waste disposal site.

Other communication facilities.

Other utility facilities.

Communication and utilities under construction.

Educational facilities, including colleges, universi-
ties, high schools, and elementary schools.

Religious facilities, excluding schools.

Medical and health care facilities.

Correctional facilities.

Military facilities.

Governmental, administrative, and service facilities.
Cemeteries.

Institutional facilities under construetion.

Other.

Swimming beaches and shores.
Golf courses.

Parks, zoos.

Marinas.

Stadiums.

Fairgrounds.

Community recreational facilities.
Racing tracks.

Other recreational.

Undeveloped land within urban areas.

Inactive land with street patterns but without
structures.

Land undergoing active development without indica-
tion of intended use.

Row crops.
Field crops.
Improved pasture.

Tropical fruit orchards.
Deciduous fruit orchards.
Nurseries.

Ornamental horticultural areas.
Vineyards.

Orange.
Grapefruit.
Other citrus.

Cattle,
Poultry.
Hogs.
Other.

Horse farms,
Kennels,
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Level I

300 Rangeland

400 TForested uplands

500 Water

600 Wetlands

700 Barren land
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TABLE 5.—Florida Land Use/Cover Classification System—Continued

Level IT Level 11T
253 Mariculture.
254 Other.

260 Other agriculture. 261 Inactive agricultural lands.
262 Other.

310 Grassland
320 Shrub and brushland 321 Palmetto prairies.
322 Coastal scrub.

323 Other secrub and brush.
830 Mixed rangeland

410 Coniferous forest 411 Pine flatwoods.
412 Longleaf pine.
413 Sand pine serub.

414 Other.
420 Hardwood forest. 421 Xeric oak.

422 Other hardwood.
430 Mixed forest. 431 Mixed coniferous-hardwood forest.
440 Planted forest 441 Coniferous.

442 Hardwood.
450 Clear-cut areas

510 Streams and canals
520 Lakes

530 Reservoirs

540 Bays and estuaries
650 Open marine waters

560 Open water areas 561 Marine grass beds.
562 Coral reefs.
563 Opyster beds.

610 Wetland-coniferous forest 611 Cypress.
612 Pond pine.

620 Wetland-hardwood forest. 621 TFreshwater swamp.
622 Saltwater swamp (mangroves).

630 Wetland-mixed forest. 631 Mixed coniferous-hardwood forest.

640 Wetland-vegetated non-forested 641 Freshwater marsh.
642 Saltwater marsh.

650 Non-vegetated wetland. 651 Tidal flats.
652 Other non-vegetated wetlands.

710 Beaches
720 Sand other than beaches.
730 Exposed rock

740 Altered lands 741 Scraped areas.
742 Dredge and fill.
743 Spoil banks,

750 Extractive 7561 Mineral extraction.
752 Stone quarries.
763 Sand, gravel, clay.
754 Oil and gas wells.
755 Abandoned mining operations.

760 Other barren lands
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The “Standard Land Use Coding Manual” (table
6), provides a four-digit categorization of land use
developed mainly for urban and suburban areas in
the United States. Ground observation and enumera-
tion are essential; consequently, the system is not
designed to be used with remote sensors. Inventory
of the whole nation would be very expensive to com-
plete and maintain. However, for limited areas
where detailed land use information is needed,
this system provides a useful framework. The first
two levels are presented here. A further breakdown
to levels IIT and IV for selected manufacturing and
recreation categories is also presented to illustrate
the detailed aspects of the system.

TABLE 6.—Portion of land use classification system used in
the “Standard Land Use Coding Manual”’

[Selected manufacturlng and recreatlon categories are presented at
levels III and IV. NEC, not elsewhere coded.]

1 Residential.
11 Household units,
12 Group quarters.
13 Residential hotels.
14 Mobile home parks or courts.
15 Transient lodgings.
19 Other residential, NEC.

2 Manufacturing.
21 Food and kindred products.
22 Textile mill products.
23 Apparel and other finished products made from fabrics,
leather, and similar materials.
231 Men’s, youth’s, and boy’s suits, coats, and over-
coats.
232 Men’s, youth’s, and boy’s furnishings, work clothing,
and allied garments.
233 Women’s, misses’, juniors’, girls’, children’s, and
infants’ outerwear.
234 Women’s, misses’ children’s, and infants’ under-
garments.
235 Hats, caps, and millinery.
236 Leather and leather products.
2361 Leather tanning and finishing.
2362 Industrial leather belting and packing.
2363 Boot and shoe cut stock and findings.
2364 Footwear (except rubber).
2365 Leather gloves and mittens.
2366 Luggage.
2367 Handbags and other personal leather goods.
2369 Other leather products manufacturing, NEC.
237 Fur goods.
238 Miscellaneous apparel and accessories.
239 Other fabricated textile products manufacturing,
NEC.
24 Lumber and wood products (except furniture).
25 Furniture and fixtures.
26 Paper and allied products.
27 Printing, publishing, and allied industries.

28 Chemicals and allied products.
29 Petroleum refining and related industries.

3 Manufacturing (continued).

31 Rubber and miscellaneous plastic products.

82 Stone, clay, and glass produets.

33 Primary metal industries.

34 Fabricated metal products.

35 Professional, scientific, and controlling instruments;
photographic and optical goods; watches and clocks.

39 Miscellaneous manufacturing, NEC.

4 Transportation, communication, and utilities.

41 Railroad, rapid rail transit, and street railway trans-
portation.

42 Motor vehicle transportation.

43 Alireraft transportation.

44 Marine craft transportation.

45 Highway and street right-of-way.

46 Automobile parking.

47 Communication.

48 Utilities.

49 Other transportation,
NEC.

5 Trade.

51 Wholesale trade.

52 Retail trade—building materials, hardware, and farm
equipment,

53 Retail trade—general merchandise.

54 Retail trade—food.

55 Retail trade—automotive, marine craft, aircraft, and
accessories.

56 Retail trade—apparel and accessories.

57 Retail trade—furniture, home furnishings, and equip-
ment.

58 Retail trade—eating and drinking.

59 Other retail trade, NEC.

6 Services.

61 Finance, insurance, and real estate services.

62 Personal services.

63 Business services.

64 Repair services.

65 Professional serviees.

66 Contract construction services.

67 Government services.

68 Educational services.

69 Miscellaneous services.

communication, and utilities,

7 Cultural, entertainment, and recreational.
71 Cultural activities and nature exhibitions.
72 Public assembly.
73 Amusements.
T4 Recreational activities.
75 Resorts and group camps.
751 Resorts.
7511 General resorts,
7612 Dude ranches.
7513 Health resorts.
7514 Ski resorts.
7515 Hunting and fishing clubs.
7519 Other resorts, NEC.
752 Group or organized camps.
76 Parks.
79 Other cultural, entertainment, and recreational, NEC.
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TABLE 6.—Continued

8 Resource production and extraction.
81 Agriculture.
82 Agricultural related activities.
83 Forestry activities and related services.
84 Fishing activities and related services.
85 Mining activities and related services.
89 Other resource production and extraction, NEC.

9 Undeveloped land and water areas.
91 Undeveloped and unused land area (excluding noncom-
mercial forest development).
92 Noncommercial forest development.
93 Water areas.
94 Vacant flood area.
95 Under construction,
99 Other undeveloped land and water areas, NEC.

Other States besides Florida have developed classi-
fication systems and made land use maps in varying
degrees of detail and sophistication. Below are some
coastal State organizations that have made land use
maps.

Alabama
Alabama Development Office
Montgomery, Alabama 36104

California
California Department of Water Resources
Sacramento, California 95814

Connecticut
State of Connecticut
Planning and Budgeting Division
340 Capital Avenue
Hartford, Connecticut 06115

Delaware
Director, State Planning Office
Office of the Governor
Dover, Delaware 19901

Maryland
Maryland Department of State Planning
301 W. Preston Street
Baltimore, Maryland 21201

Massachusetts and Rhode Island
Department of Forestry and Wildlife Management
Holdsworth Hall
University of Massachusetts
Amherst, Massachusetts 01002

Minnesota
Minnesota State Planning Agency
St. Paul, Minnesota 55101

New York
State of New York
Office of Planning Services
488 Broadway
Albany, New York 12207

The coastal States that are completely mapped
under 50-50 cost-sharing agreements with USGS
are Louisiana and Florida. Mapping is in progress
under similar agreements with Alabama, Georgia,
and Pennsylvania.

LAND USE AND LAND COVER MAPPING

Land use maps are usually the result of an in-
ventory. The maps may be made for a specific pur-
pose and are not necessarily in reproducible form for
public use. The lack of comparable land use maps
for extensive areas has often been a handicap to the
planning process, at least at the Federal level and
usually at the regional and State levels.

USGS has begun nationwide land use mapping to
provide a systematic and comprehensive collection
of land use and land cover data appropriate for
large areas which are expensive to map in great
detail. Figure 36 shows the current status of this
mapping.

Specific products provided by the land use map-
ping program are:

e Maps at 1:250,000 scale showing the present

land use at level II of the classification system
developed by USGS in conjunction with Federal
and State agencies and others. For each of the
land use/land cover maps produced, overlays
are also compiled to show Federal land owner-
ship, river basins and subbasins, counties, and
census county subdivisions. State land owner-
ship is shown when USGS has the appropriate
information from the State.
Land use and land cover data are keyed to the
enlarged culture and drainage color-separation
plates of the standard USGS 1:100,000- or 1:-
250,000-scale topographic sheets. The minimum
mapping unit for urban and built-up uses, water
areas, confined feeding operations, other agricul-
tural land, and strip mines, quarries, and gravel
pits is 10 acres. The minimum mapping unit for
other categories is 40 acres. Federal land hold-
ings are shown for tracts of 40 acres or larger,
and State land holdings are similarly delineated
when data are available.

o Selected experimental demonstration land use
and land cover maps at 1:24,000 or 1:50,000
scale are also being prepared for selected areas.
These maps show how land use and land cover
mapping at a regional scale can be related to
more detailed mapping at larger scales.

o (Computerized graphic displays and statistical
data on current land use and land cover will be
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EXPLANATION

m Planned Pro-
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HAWAII

September 1977

FIGURE 36.—Land use/land cover map production status in the United States.

available through this program for use with
other data. Statistical data are compiled by
counties, areas of Federal ownership, river
basins and subbasins, and statistical units such
as census tracts or other census county subdi-
visions.

Land use and land cover data are digitized in
polygon format (each individual area comprises
a polygon). Conversion of land-use polygons to
land-use grid cells of varying sizes can be made
when desired.

Because of the dynamics of land use, the em-
phasis for preparing and distributing all products
is on supplying information to the users as soon as
possible. Research in data and information require-
ments, inventory methods and data use, and inter-
pretative studies is also being carried out under the
USGS land use mapping program. The program

uses advanced technology, NASA high-altitude pho-
tographs, aerial photographs acquired for USGS
topographic mapping, and Landsat data.

For more information on land use and land cover
mapping, contact:

Chief Geographer

U.S. Geological Survey
MS 710 National Center
Reston, Virginia 22092
Telephone: 703-860-6344

The rest of this section concentrates on the gen-
eral aspects of land-use mapping, such as source
material, minimum size, and accuracy. Procedures
are not deseribed in the handbook because several
books and manuals are already available (see “Selec-
ted references”).
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The types and amounts of land use and land
cover information that can be obtained from differ-
ent sensors depend on the altitude and the resolution
of each sensor. Presently, no one sensor or system
will produce good data at all altitudes. Each source
and application of remote-sensing data must be
evaluated solely on the basis of its qualities and
characteristics, Data are usually transferred to a
base map, although a base map is difficult to use
without extracting some additional data from it.
Topographic maps, road maps, and detailed city
maps generally contribute detail beyond the capa-
bilities of the remote-sensor data.

Different sensors provide data at varying resolu-
tions depending on altitude and scale. In general, the
following relationships are true for a camera with a
6-in focal length.

Level Typical data characteristics

| Landsat type data.

1§ High-altitude data at 12,200 m (40,000 ft) or
above, (less than 1:80,000 scale).

| B ) Medium-altitude data obtained between 38,000

and 12,200 m (10,000 and 40,000 ft) (1:
20,000 to 1:80,000 scale).

IV e Low-altitude data taken below 3,000 m (10,000
ft) (more than 1:20,000 scale).

Although land use data obtained at any level
certainly is neither restricted to a particular user
group nor to a particular presentation scale, in-
formation at levels I and II (fig. 37) usually inter-
ests users who need data on a nationwide, interstate,
or statewide basis. Generally, more detailed land
use and land cover data, such as that categorized at
levels IIT (fig. 38) and IV is used more frequently
by those who need and who generate local informa-
tion at the intrastate, regional, county, or municipal
level.

The relationship between the categorization level
and the data source is not intended to restrict users
to particular scales, either in the original source
from which the land use information is compiled or
in the final graphic. For example, level I land use
information, while efficiently and economically
gathered over large areas by a Landsat-type satellite
or from high-altitude imagery, could also be in-
terpreted from conventional large-scale aireraft
imagery or compiled by ground survey. The same
information can be displayed at a wide variety of
scales ranging from a standard 1:24,000-scale topo-
graphic map to the much smaller 1:1,000,000-scale
orbital imagery overlay. Similarly, several level II
categories have been interpreted from Landsat data
although they can be obtained more accurately from

high-altitude photographs at present. Some level
IIT and IV land use and land cover data can also
be obtained from high-altitude imagery. This cate-
gorization level can also be presented at a wide
range of scales. However, as the more detailed
categorization levels are used, more dependence
must be placed on higher resolution remote-sensor
data and supplemental ground surveys.

The principal remote-sensor source for level II
data is high-altitude color infrared photographs.
Scales smaller than 1:80,000 are characteristic of
high-.altitude photographs, although secales from
1:24,000 to 1:250,000 generally have been used for
final map products.

The same photographs used to construct or up-
date 1:24,000-scale topographic maps or similarly
scaled orthophotoquads are potential sources for
inventorying land use and land cover. The ortho-
photo bases permit rapid interpretation of level I
and II information at relatively low cost. However,
the cost of acquiring more detailed levels of land use
and land cover data may be too expensive to include
the data on large-scale maps.

In most land use applications, USGS is interested
in the smallest area that can be recognized to have
an interpretable type of land use or land cover. The
smallest area that can be recognized depends not
only on the type and characteristics of the imaging
system, but also on the order of image generation
(how many reproduction stages is the study image
from the original). The user needs the most recent
information available to determine the resolution
parameters of the system.

The smallest area that can be placed in a land use
category also depends on the compilation and publi-
cation scales. Sometimes land uses cannot be identi-
fied with the accuracy level needed for the smallest
unit being mapped. At other times, specific land uses
can be identified, although they are too small to
be mapped. For example, farmsteads are not usually
distinguished from other agricultural land uses when
mapping at more generalized classification levels.
On the other hand, these farmsteads may be
interpretable at more detailed levels, but they may
be too small to be represented at the final scale.
Similar situations may arise when using other
categories.

When a map is the medium for presenting land
use data, any unit area smaller than 2.5 mm (0.1 in)
on a side is difficult to represent. Smaller areas also
cause legibility problems for the map reader. Users
of computer-generated graphics are similarly con-
strained by the computer printout size.
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FIGURE 37.—Level II land use and land cover in an enlarged part of the northeast quarter of the USGS Indianapolis,
Ind.-Ill., 1:250,000-scale quadrangle base map. The area outlined in the center is shown in figure 38.

There are three types of accuracy considerations
for mapping land use and land cover by remote
sensing. First is the accuracy with which areas are
delineated to show the exact outline as it exists on
the Earth’s surface. The compilation scale will have
some effect; however, using photographic source
materials will make the outline as precise as the
scale allows. Second is the interpretation accuracy.
Various field checks or field validation techniques

and processes can establish interpretation accuracy.
An accuracy of 85 percent or better can be achieved
by using qualified interpreters. Third is the posi-
tional accuracy associated with the plotting base.
Generally, the larger the scale, the better the posi-
tional accuracy. Rectified photomosaics and large-

scale topographic quadrangles have very good posi-
tional accuracy.
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FIGURE 38.—Level III land use and land cover in part of the Maywood, Ind,, 7.5-min
quadrangle base map, This area is included in fig. 37.
FUTURE OUTLOOK ing at the same time that the demand for maps
AUTOMATION rises. The Federal Government is solving this prob-

lem by automating as many surveying and mapping
Maps and charts are based on a framework of operations as are practical.

ground-survey control points. The cost of providing Field surveying is being augmented by new com-
the framework and producing the maps is increas- puter techniques for photogrammetric control ex-
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tension (aerotriangulation). Satellites also are being
used to extend control to regions where none has
been established. These developments and other elec-
tronic advances have contributed greatly to automat-
ing procedures for acquiring and processing ground
survey data.

Hydrographic chart production is also being auto-
mated. Water depths and ship positions are being
recorded in automated format. Along with digitized
land features, data are being processed by computer
and will be eventually plotted by machine.

Topographic surveys are a different problem be-
cause the basic map data are still generally inter-
preted by an operator. Some work is now being done
by semiautomated stereoplotting machines under
operator control. Development of automatic scan-
ning and correlating devices may eventually remove
the major burden of interpretation from the oper-
ator, allowing him to monitor the machine operation
and intervene when necessary.

Remote-sensing techniques to inventory and man-
age the Nation’s resources and monitor the environ-
ment show great promise. For example, because if
its synoptic coverage, Landsat imagery has permit-
ted identification of previously unmapped geologic
structures as targets for exploration for oil, gas,
copper, and other minerals, and is being used to
inventory water impoundment areas.

The repetitive coverage of satellite data provides
information for land use planning with a timeliness
not previously possible. The capability of detecting
changes in land and water use has proved effective
in monitoring strip mines and reclaiming worked-
out areas. The coverage will be useful in identify-
ing beach erosion and gaging the environmental
impact of projects, such as construction of the
Alaskan pipeline.

Satellite-collected data, in addition to that of
Landsat, include the monitoring capability of Sky-
lab and other spacecraft, such as weather satellites.
In the cartographic field these data may be used to
identify and locate new features, such as interstate
highways, and to monitor the spread of urban areas.
Revision of small-scale maps from data obtained by
satellite remote sensing is already a reality. For
example, the maps of the Amazon Basin were re-
vised after space imagery resolved misconceptions
concerning the drainage pattern.

The technique of satellite geodesy has proved to
be extremely valuable in remote parts of the world.
Tracking systems can produce ground accuracies of
+1.5 m. Geodetic positions are derived from proces-
sing radio signals transmitted by special satellites.

The satellite signals are received by a sophisticated
ground receiver and processed by computer. This
surveying method will be used more in the future.

Computer-stored Data

When cartographic information is stored in digital
form, the data can be retrieved and processed later
by automatic means. The primary advantage of the
digital form is the capability of automatic access.
It is important to provide the most efficient and
flexible storage system possible.

Digital map data fall into three basic categories—
point data, line data, and area data. Point data in-
clude such features as control stations, boundary
monuments, and wells. They are recorded by coordi-
nates and include any feature that can be located by
a point. An expansion of the point concept leads to
line data, which include roads, railroads, and
streams. Linear features constitute sequences of
closely spaced point coordinates. Area data are
those that require a tint or pattern, such as wood-
land, swamp, and urban areas. Although the bounda-
ries of areas can be defined by lines, use of a pixel
(picture element) array simplifies the task of digitiz-
ing area data.

In general, the larger the amount of stored data,
the greater are the accuracy and flexibility in selec-
tive retrieval; however, an attempt to record an
overabundance of data may result in both storage
problemis and high costs. Compacting the digital
information and developing a less costly storage
system should be considered.

Data directly available in digital form can be
input to a map data bank with relative ease. How-
ever, most of the data would come from line draw-
ings and published maps. Automatic line-following
devices are being developed for digitizing drawings.
Similar scanning devices for area data and tech-
niques for digitizing map data during compilation
are also being studied.

Computer-stored cartographic data ecan be re-
trieved automatically either as a printout or as a
line drawing, depending upon whether statistical
data or a graphical analysis is desired.

The statistics derived from a single data base may
vary according to the judgment of the statisticians.
Because the original source data are retained, a
digital map allows each user to judge for himself
without the influence of prejudices inevitably im-
posed on a printed map by its compilers. Because
the bagic data are somewhat permanent, the user
is free to make his own interpretation.
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Updating

Often a map or chart is out of date before it is
published because of the time needed for the many
steps of compilation and publication. However, a
computerized map or chart can be corrected regu-
larly. Erroneous or obsolete information can be
changed by inserting a correction instruction; actual
additions or deletions to copy are unnecessary. The
initial task of digitizing published maps and charts
is monumental, but digital maps and charts of the
future will be produced and revised more easily.

For detailed information about research and cur-
rent methods in automated cartography, refer to
the journals and information services of the tech-
nical sources listed in appendix 4.

THE METRIC SYSTEM

Adoption of the metric system in the United
States is having a marked effect on mapping pro-
cedures. For the most part, cartographers will deal
with metric units of length. Fortunately, the ground
control used in mapping is generally extended from
the National Geodetic Network, which has always
been based on the meter. Many of the electronic
distance-measuring devices used for horizontal con-
trol measurements read out in meters. Vertical
control by leveling has been measured in either
feet or meters, depending on the equipment used
—the trend is toward the use of metric rods and
compatible instruments. Where elevations have al-
ready been obtained in feet, conversion to meters
is simple. However, rewriting station descriptions
that are referenced to feet, yards, and miles would
be a monumental task.

Manufacturers of photogrammetric instruments
usually design their products in the metric system.
Most stereocompilation instruments provide for
direct elevation readout in either system. With in-
struments whose elevation readout is in the U.S.
customary system, metrication is being effected
by a minor change in equipment.

Because of the conversion to the metric system,
changes in format, scale, contour intervals and
drafting specifications are necessary. To facilitate
metric scaling there may be greater use of even
publication scales such as 1:20,000 and 1:100,000.
The scales of previously published maps may be
changed photomechanically with a minimum of cart-
ographic work. Scale changes may require format
changes to reduce sheet size; for example, a series
with a 7.5-min quadrangle format could be replaced
by one with a metric grid format. Drafting specifica-
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tions for symbol size and line weight usually are
stated as fractions of an inch; they can easily be
rewritten in millimeters. However, some tools may
have to be modified to accomodate this change.

Probably the greatest problem of metric conver-
sion will be changing contour intervals. Commonly
used intervals of 5, 10, 20, 40, and 80 ft will be re-
placed by intervals of 1, 2, 5, 10, and 20 m. Thou-
sands of contour manuscripts must be redrawn
when intervals become metric.

Federal plans include complete conversion to
metric products as soon as practical. All new series
will be metric when feasible. Series that are nearly
finished probably will be completed in the U.S.
customary system, but revisions will be metricated.

THE FUTURE

No doubt there will be significant changes in
the techniques of surveying and mapping during the
next few decades. M.M. Thompson (1974) discus-
ses changes in methods that have taken place in
the last quarter century, the current procedures and
equipment that are likely to be replaced by new
systems, and a projected state of the art in survey-
ing and mapping for the year 2000. Predictions
of the shape of surveying techniques in the years to
come can be based on advanced systems already
under development.
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GLOSSARY

accretion—Accumulation resulting from the action of natural
forces.

accuracy—Degree of conformity with a standard. Accuracy
relates to the quality of a result and is distinguished from
precision which relates to the quality of the operation by
which the result is obtained.

adjustment—Equitable distribution, of errors and known
distortions, which affect a computed result.

aerotriangulation (aerial triangulation)-—Triangulation for
the extension of horizontal and (or) vertical control ac-
complished by means of aerial photographs.

angle—Relationship of lines or surfaces which is measured
by the amount of rotation necessary to make one coincide
with or parallel another.

angle of coverage—Apex angle of the cone of rays passing
through the front nodal point of a lens.

apparent shoreline—Line drawn on a map or chart in lieu
of the mean high water line (MHWL) or the mean water
level line (MWLL) in areas where either may be obscured
by marsh, mangrove, cypress, or other types of marine
vegetation. This line represents the intersection of the
appropriate datum with the outer limits of vegetation and
appears to the navigator as the shoreline.

automatic tide gage—Instrument that automatically records
the rise and fall of the tide. Some instruments print the
heights at regular intervals; others print a continuous
graph in which the height of the tide is represented by the
ordinates of the curve and the corresponding time by the
abscissae.

avulsion—Rapid erosion of shoreland by waves during a
storm.

azimuth—Horizontal direction reckoned clockwise from the
meridian plane.

azimuth mark (geodetic)—Marked point established in con-
nection with a triangulation (or traverse) station to pro-
vide a starting azimuth for dependent surveys.

backshore—That part of a beach which is usually dry, being
reached only by the highest tides, and by extension, a nar-
row strip of relatively flat coast bordering the sea.

bank—Edge of a cut or fill; the margin of a watercourse;
an elevation of the sea floor located on a continental shelf
or an island shelf and over which the depth of water is
relatively shallow but sufficient for safe surface navigation
(reefs or shoals, dangerous to surface navigation, may rise
above the general depths of a bank).

base line (seaward boundaries)—Reference used to position
limits of the Territorial Sea and the Contiguous Zone.
Source data from which the base line is determined are
the mean low water line (MLWL) on the Atlantic and
Gulf Coasts and the mean lower low water line (MLLWL)
on the Pacific Coast, Alaska, and Hawaii, The United
Nations Conference on the Law of the Sea defined the low
waterline along a coast, as shown on large-scale charts
of the coastal State (country) to be the base line for de-
termining the limit of the territorial sea.

base line (triangulation)—One side of a series of connected
triangles, the length of which is measured with prescribed
accuracy and precision, and from which the lengths of the
other triangle sides are obtained by computation. Im-
portant factors in the accuracy and precision of base meas-
urements are the use of standardized invar tapes, con-
trolled conditions of support and tension, and corrections
for temperatures, inclination, and alinement. Base lines
in triangulation are classified according to the character
of the work they are intended to control, and the instru-
ments and methods used in their measurement are such
that prescribed probable errors for each class are not ex-
ceeded. These probable errors, expressed in terms of the
lengths, are as follows: first order, 1 part in 1,000,000;
second order, 1 part in 500,000; and third order, 1 part in
250,000.

bathymetry—Science of measuring water depths (usually in
the ocean) in order to determine bottom topography.

beach (or seabeach)—Zone of unconsolidated material that
extends landward from the low water line to the place
where there is marked change in material or physiographic
form, or to the line of permanent vegetation (usually the
effective limit of storm waves). A beach includes foreshore
and backshore,

beach berm—Nearly horizontal portion of the beach or back-
shore formed by the deposit of material by wave action.
Some beaches have no berms, others have one or several.

beach erosion—Carrying away of beach materials by wave
action, tidal or littoral currents, or wind.

bench mark—Relatively permanent material object, natural
or artificial, bearing a marked point whose elevation above
or below an adopted datum is known.

bench mark, tidal—Bench mark set to reference a tide staff
at a tidal station, the elevation of which is determined
with relation to the local tidal station.

berm—Nearly horizontal portion of a beach or backshore
having an abrupt fall and formed by wave deposition of
material and marking the limit of ordinary high tides.

berm crest (berm edge)—Seaward limit of a berm.

boundary monument—Material object placed on or near a
boundary line to preserve and identify the location of the
boundary line on the ground.

boundary survey—Survey made to establish or to reestablish
a boundary line on the ground, or to obtain data for con-
structing a map or plat showing a boundary line.

C-factor—Empirical evaluation of the vertical (elevation)
measuring capability of a stereoscopic instrument system.

cartometer—Device consisting of a small wheel and a cali-
brated dial used to measure distances on a map by follow-
ing the desired route.

chart—Special-purpose may designed for navigation or to
present specific data or information. The term chart is
applied chiefly to maps made primarily for nautical and
aeronautical navigation, and to maps of the heavens, al-
though the term is sometimes used to deseribe other special-
purpose maps.
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chart, aeronautical—Chart designed to meet requirements of
aeri